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1 Introduction 
This document is an interim action work plan developed under CERCLA 
Administrative Order on Consent (AOC) No. 10-2004-0065 between the U.S. 
Environmental Protection Agency (EPA), Region 10 and the Alaska Railroad 
Corporation (ARRC), under which ARRC has agreed to conduct a 
CERCLA/RCRA Remedial Investigation and Feasibility Study (RI/FS) at its  
Anchorage Terminal Reserve in Anchorage, Alaska (the Site).  The AOC 
incorporates a Statement of Work (SOW) that includes an ARRC commitment 
to develop a work plan that can be implemented in 2004 to commence 
characterization at the northern boundary of the Site.  Specifically, Section 
2.2.2.2 of the SOW states as follows:  “Releases of solvents, fuel or other 
constituents from upgradient sources may enter the Site at its northern 
boundary.  Respondent will develop a work plan for field work that can be 
conducted during 2004 to investigate and potentially identify some locations 
at Respondent-owned property along these boundaries where such releases 
may have occurred or be occurring.  The work plan will include a summary of 
relevant existing information regarding releases from upgradient areas that 
may have affected or be affecting the Site, and include a sampling and 
analysis plan for groundwater and soil samples that will be obtained during 
the field work”. This interim action work plan focuses on investigation of 
water quality across the north boundary of the Site as shown on Figure 1-1.  

1.1 Background 
The northern boundary of the Site is bordered by several upgradient facilities 
that have potential for current or historic releases to groundwater upgradient 
of the ARRC property.  This work plan has been developed to meet SOW 
requirements and describes a proposed study to be conducted in 2004 for 
initial characterization of water quality and soil conditions along the northern 
Site boundary that might disclose impacts from upgradient sources.    

1.2 Purpose 
The primary purpose of work to be conducted under this Northern Boundary 
Assessment Work Plan (NBAWP) is to meet SOW objectives to provide an 
initial characterization during 2004 of shallow groundwater conditions and 
soils at the northern Site boundary that might indicate Site impacts from 
upgradient sources.  Secondary purposes include generating these data in a 
manner allowing them to be incorporated into the overall RI/FS that ARRC 
will conduct for the Site as a whole.  Sampling will be based on knowledge of 
historical processes, historical sample results, areas downgradent from known 
releases/spills, and previously documented springs and visual surveys of 
additional springs at the northern boundary that may be impacted by 
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upgradient sources.  Documents used to identify potential upgradient sources 
are provided in Table 1-1. Sampling locations proposed in this interim action 
work plan consider results of previous investigations conducted in the North 
Bluff area.  Results derived from this effort may be used to define needed 
additional investigations during the RI/FS process.  

1.3 Objectives 
To identify the data required to satisfy these objectives, data quality objectives 
(DQOs) were developed for groundwater and surface water data collection 
during this Interim Action based on the Guidance for the Data Quality 
Objectives Process (U.S. EPA, 2000a).  The seven-step process that DQO 
guidance prescribes for planning data collection efforts was used to define the 
purpose of the data to be collected, determine how the data will be used, and 
determine the tolerable limit of analytical uncertainty. 

Based on the DQO process, discussed further in Section 4.1, data collected 
during the Northern Boundary Assessment investigations will be adequate to 
meet the following objectives: 

• Provide a limited and preliminary characterization of water quality 
and soil conditions at the northern Site boundary that may disclose 
that upgradient sources contribute to Site contaminants of concern 
(COCs) 

• Refine the conceptual site model with respect to potential 
contaminant sources upgradient from the Site, and the potential 
migration pathways at the northern Site boundary 

• Identify additional investigations at the northern Site boundary that 
may need to be conducted during the RI/FS 

1.4 Document Organization 
The environmental setting is summarized in Section 2. The summary of 
available data and historical documents regarding potential releases to the Site 
from upgradient sources is provided in Section 3.  The Conceptual Site Model 
(CSM) is presented in Section 4; the scope of work is provided in Section 5; 
the sampling and analysis plan is presented in Section 6; health and safety 
topics are presented in Section 7; and a list of the references cited in this work 
plan is provided in Section 8.  Appendix A includes standard operating 
procedures and Appendix B is the quality assurance project plan (QAPP). 
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2 Environmental Setting  
The NBAWP includes the Northern Boundary of the Site situated along the 
crest of the North Bluff between Ocean Dock Road to the west and Reeve 
Boulevard to the east (Figure 1-1).  The bluff face rises from the Ship Creek 
Valley to the North Bluff terrace.  The ground surface elevation of the Ship 
Creek Valley ranges from approximately 30 feet above mean sea level (amsl) 
on the western boundary of the valley to approximately 70 feet amsl on the 
eastern boundary (Figure 1-1).  From west to east, the top of the North Bluff 
ranges from 100 to 135 amsl. 

2.1 Land Use/Property Ownership 
Figure 1-1 shows the ARRC property boundary along the North Bluff area.  
The Northern Boundary of ARRC is bordered by a Government Hill 
residential area on the west and the EAFB on the east.   

2.2 Topography 
The face of the North Bluff is the most prominent topographic feature across 
the study area.   It consists of a steep slope that rises approximately 70-feet 
above the Ship Creek valley floor. At the top of the slope, the topography is 
generally flat across the southern portion of EAFB and the Government Hill 
areas.  The surface of the Ship Creek Valley gently slopes to the west and is 
generally flat lying across the ARRC yard with 10 to 20 feet of relief along 
the current Ship Creek channel.   

2.3 Climate and Precipitation 
Mean temperatures in the Anchorage area vary from about 10 to 33 degrees 
Fahrenheit (F) in the winter to 42 to 65 degrees F in the summer (National 
Oceanographic and Atmospheric Administration (NOAA), 2004).  
Precipitation for the area averages 15.7 inches per year with the highest 
rainfall rates occurring in August and September (WRCC, 2004).   

2.4 Surface Water Hydrology 
Drainage along the northern boundary/North Bluff area occurs as overland 
flow, and as discharges from springs that represent the surficial expression of 
groundwater along the North Bluff hillside.  The locations and flow rates of 
the springs are discussed below. Spring water flows via drainage swales, 
ditches and storm sewers to Ship Creek.  No tributary streams to Ship Creek 
are present along the northern ARRC property boundary.   
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2.4.1 Springs 
During recent field reconnaissance, a total of 52 springs were identified on the 
North Bluff face between Ocean Dock Road and Reeve Boulevard. The 
springs were surveyed using a differential geographic positioning system 
(DGPS) and marked and labeled with wooden lath at their source. The 
distribution of the newly mapped springs (also referred to as seeps) along with 
the springs previously identified and sampled in past investigations, are shown 
on Figure 2-1.  Flow rates and visual observations of the springs are provided 
in Table 2-1.  The flows range from less than 0.5 gpm to 20 gpm.  Total 
discharge of the mapped springs was approximately 178 gpm in August 2004. 
Several of the springs included on Figure 2-1 and Table 2-1 have been 
previously mapped in historic reports, particularly reports relating to OU5 
(e.g., MWH, 2002; Weston, 2004). Where possible, the newly mapped springs 
are cross-referenced with the historic springs/seeps and noted in Table 2-1. 

2.5 Local Hydrogeology 
The valley floor consists of unconsolidated fluvial deposits, including the Ship 
Creek Alluvium and the underlying glacio-deltaic Bootlegger Cove 
Formation.  The Ship Creek Alluvium deposits consist of sand and gravel with 
localized peat deposits incised into fluvial-glacial outwash deposits of the 
North Bluff. The glacial outwash deposits of the North Bluff (Naptowne 
Formation) formed after the advance of the Naptowne Glacier 10,000 to 
12,000 years ago (Ulery and Updike, 1983; Shannon and Wilson, 1998).  The 
Naptowne Formation outwash plain materials underlying EAFB consist of 
interbedded sand and gravel with minor coal seams and clay lenses and are in 
hydraulic communication with the Ship Creek Alluvium.  The Bootlegger 
Cove Formation is a blue clay to silty-clay deposit up to 200 feet thick that 
acts as a confining unit between shallow groundwater in the Ship Creek 
Alluvium and the confined aquifer.  The confined aquifer consists of over 500 
feet of sand and serves as a municipal water supply under emergency 
conditions (USAF, 1994). 

2.5.1 Groundwater Flow 
The Ship Creek Alluvium and the Naptowne Formation contain unconfined 
groundwater that constitutes the shallow aquifer within the area. The shallow 
aquifer has a saturated thickness of 5 to 50 feet. The shallow aquifer 
groundwater flows from north to south across the northern Site boundary from 
EAFB/Government Hill toward Ship Creek as shown on the generalized 
potentiometric surface map [Figure 2-2] [USAF, 2004]).  Within the Ship 
Creek Alluvium, the shallow aquifer flow shifts to a southwesterly direction 
discharging to Ship Creek (CH2M Hill, 1999).   

 2-2 



Northern Boundary Assessment Interim Action Work Plan  

Published groundwater maps show that the gradient of the shallow aquifer 
across the Northern Boundary ranges from 0.012 to 0.013 ft/ft on the EAFB 
(USAF, 1994). The horizontal gradient steepens on the bluff face to about 
0.033 (MWH, 2002) and ranges from 0.03 to 0.04 within the Ship Creek 
Alluvium (CH2M Hill, 1998).  The hydraulic conductivity of the surficial 
aquifer ranges from 1 to 150 feet per day (USAF, 1994). 
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3 Previous Investigations and 
Historical Data  
This section summarizes the historical soil, groundwater, and surface water 
data collected within the Northern Boundary Area for the purpose of 
identifying potential sources of contamination.  A list of existing documents 
and data reviewed to assess North Boundary conditions is provided in Table 
1-1.  

Past spills and potential releases at locations upgradient of the Site that may 
be relevant to this Northern Boundary Assessment are summarized on Figure 
3-1.  The locations of springs along the north boundary are shown on Figure 
2-1.  The spring locations on Figure 2-1 include sampled springs (called 
seeps) (MWH, 2001; 2002; Weston, 2004) and springs recently identified 
during reconnaissance work for this Work Plan.  

The Tables and Figures provided with this Work Plan summarize existing 
information regarding spills and potential releases at upgradient locations that 
may have affected or could affect the Site.  Further ARRC evaluation of 
potential Site impacts relating to any off-site sources, however, will not be 
warranted unless data collected during this Interim Action or the RI/FS 
indicate that releases from some or all of these upgradient sources have 
impacted the Site and the evaluation of such impacts is necessary for Site 
characterization, risk assessment or remedial alternatives analysis. 
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4 Conceptual Site Model for Northern 
Boundary  
This section presents the CSM for the NBAWP. The purpose of the CSM is to 
present a framework for conveying what is known about potential sources of 
contaminants, COCs, releases and release mechanisms of contaminants, 
migration pathways, and data gaps (U.S. EPA, 1996a).   

The environmental setting was summarized in Section 2 and data referenced 
to complete the CSM is referenced in this section.  Potential contaminant 
sources, spill history, and identification of COCs relevant to the CSM are 
presented in Table 1-1.   

4.1 Potential Upgradient Sources 
Potential upgradient and off-site sources of contamination in the NBAWP 
include pipeline spills, possible leaking underground storage tank (LUST) 
sites, and past releases to surface water and groundwater from the EAFB OUs 
as listed in Table 1-1.  

4.2 Contaminants of Concern 
This section identifies the process of selecting COCs that will be used to 
identify possible upgradient source impacts in the surface water, ground water 
and soils in the northern Site boundary area that will be evaluated in this 
Interim Action.  Potential COCs were derived through review of historic 
documents to determine a COC list.  The resultant COC list helps focus the 
collection and evaluation of data, including the characterization of COCs that 
may drive risk and future remedial measures.  The COC list includes the 
following types of contamination: 

• VOCs (volatile organic compounds) 

• SVOCs (semivolatile organic compound) 

• TPH-GRO (Total Petroleum Hydrocarbons – Gasoline Range 
Organics) 

• TPH-DRO (Total Petroleum Hydrocarbons – Diesel Range 
Organics) 

• TPH-RRO (Total Petroleum Hydrocarbons – Residual Range 
Organics) 
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Proposed analytical methods for this investigation include the following:  
VOCs using U.S. EPA Method 8260, SVOCs using U.S. EPA Method 8270, 
and TPH-GRO, TPH-DRO, and TPH-RRO using ADEC Methods 101, 102, 
and 103, respectively.  Target analyte lists for the methods above and 
reporting limits are provided in Tables 4-1, 4-2, and 4-3. 

The screening of COCs does not determine cleanup criteria or endpoints for 
contaminants at the Northern Boundary; it merely serves as a method for 
focusing characterization of the upgradient Northern Boundary.  

4.3 Hydrogeologic Model 
A CSM showing the relationship of subsurface to surface groundwater 
interaction is provided on Figure 4-1.  Groundwater under the EAFB area, 
North Bluff, and Ship Creek Valley are hydraulically connected and 
ultimately discharge to Ship Creek.  Along the North Bluff face, numerous 
springs exist as surficial expressions of shallow groundwater. Contaminants 
that infiltrate to groundwater beneath EAFB, the pipeline corridor, or from 
USTs can resurface through the springs. In this setting, shallow groundwater 
in the northern Site boundary that might have been impacted by upgradient 
sources can be accessed via the springs.   

4.4 Migration Pathways 
This section discusses the potential migration pathways of COCs from 
upgradient sources to ARRC property, including known or suspected 
preferential pathways. 

Preferential pathways may include, but are not limited to, the following: 

• Groundwater discharge to surface water (springs and Ship Creek) 

• Historic drainages, including the area that drains to Ship Creek 

• Former and active utility corridors  

• Former and active fuel, product, and gas pipelines, and their 
backfill 
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5 Investigation Scope of Work 
This section summarizes the Northern Boundary Assessment Data Quality 
Objectives (DQOs) and corresponding proposed scope of work.  A discussion 
of the field procedures and methods for the Northern Boundary Assessment is 
provided in Section 6. 

5.1 Data Quality Objectives 
This Interim Action Work Plan is intended to provide preliminary 
groundwater and soil data towards meeting the purpose and objectives 
outlined in Section 1.  These preliminary data will be incorporated into the 
overall RI/FS and used to guide future field activities.  In accordance with 
guidance provided by U.S. EPA in the Advance Notice of Proposed 
Rulemaking (U.S. EPA, 1996a), data gathering strategies should be tailored to 
reflect the DQOs.  DQOs reflect the overall degree of data quality or 
uncertainty that the decision-maker is willing to accept during decision-
making.  DQOs are used to specify the quality of the data, usually in terms of 
precision, bias, representativeness, comparability, and completeness.   

DQOs apply to the entire measurement system (e.g., sample locations, 
methods of collection and handling, field analysis, and laboratory analysis).  
DQOs are used to ensure that environmental data are scientifically valid, 
defensible, and of an appropriate level of quality given the intended use of the 
data (U.S. EPA, 1996b). 

DQOs are intended to accomplish the following: 

• Clarify the study objectives 

• Define the most appropriate type of data to collect 

• Determine the most appropriate conditions from which to collect 
data 

• Specify tolerable limits on decision errors to establish quantity and 
quality of data (U.S. EPA, 2000) 

The U.S. EPA’s Guidance for the Data Quality Objective Process (U.S. EPA, 
2000) was used to develop DQOs that are appropriate for this investigation.  
The Northern Boundary Assessment DQOs are presented in Table 5-1.   

The Northern Boundary Assessment was structured so that the limited and 
preliminary data this Interim Action generates will not duplicate existing 
information regarding conditions at the northern Site boundary.  The data 
resulting from this study will be useful in the near term to identify possible 
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impacts from off-site sources and also will be incorporated into the set of 
analytical data that will be evaluated in the overall RI/FS.  

5.2 Groundwater and Soil Investigation 
The proposed investigation is designed to collect groundwater and soil data 
from springs along the North Bluff having sufficient quantity and quality to 
achieve the following objectives:  

• Characterize the COCs in selected springs as potential indicators of 
impacts from upgradient sources on northern Site boundary ground 
water  

• Perform reconnaissance for the presence of upgradient-impacted 
springs, stained soils, or other evidence of Site contamination 
originating from upgradient sources 

• Determine flow rates of the springs selected for evaluation 

The following sections outline the proposed investigation, which is designed 
to optimize data collection to meet the Northern Boundary Assessment DQOs.    

A total of 22 spring samples are proposed in the Northern Boundary 
Assessment, as summarized in Table 5-2.  These sample locations are 
downgradient from potential source areas (i.e., areas of documented spills or 
discharges) with limited or no existing groundwater data, as shown on Figures 
5-1a and 5-1b.  The basis for selecting the proposed spring sample locations is 
provided in Table 5-2.  Based on the judgment of the field geologist, soil 
samples will be co-located at 5 to 6 spring locations that exhibit odor or 
sheening. All spring water and soil samples collected will be analyzed for the 
COC list discussed in Section 4.2.  The sample collection methods are 
discussed in Section 6. 
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6 Sampling and Analysis Plan 
This section summarizes the field methods and procedures that will be used 
during the Northern Boundary Assessment.  Where applicable, SOPs are 
referenced in the following sections to ensure consistent investigation 
methods, procedures, and documentation.  The referenced SOPs are provided 
in Appendix A.  

6.1 Field Activity Documentation 
All field activities will be recorded on the appropriate field forms, as 
described in the following sections, and compiled in a project field notebook 
on a daily basis.  Project field books will be used to record all field activities 
and document field personnel and visitors present.  Field sampling forms are 
included in Appendix A.  Health and safety topics, including daily safety 
meetings, will also be documented and compiled in a project field notebook. 

6.2 Field Sampling Methods 
The locations of all identified groundwater springs in the northern Site 
boundary are shown on Figure 2-1.  A subset of these springs, located 
downgradient from potential source areas, will be sampled to assess 
groundwater quality and identify potential impacts from off-site sources.  The 
springs to be sampled are identified on Figures 5-1a and 5-1b and are also 
listed on Table 5-1. 

6.2.1 Field Reconnaissance 
In August 2004, Hoefler Consulting Group, under guidance from The RETEC 
Group, Inc. (RETEC), conducted a field reconnaissance of the North Bluff to 
identify all the springs.  As shown on Figure 2-1, a total of 52 springs were 
identified.  The locations of these springs were measured using a Trimble 
Differential Geographic Positioning System (DGPS) unit.  During the 
reconnaissance, field personnel estimated flow rates and made visual 
observations that included appearance/color of water, presence of algae, and 
presence of sheen. Table 2-1 lists the springs, coordinates, and field 
observations. 

6.2.2 Spring Flow Gauging 
Flow rates at the springs will be measured using a graduated bucket and a 
stopwatch.  Flow rates will be measured at the same springs that will be  
sampled.  This is the same method that was used to obtain the flow rate 
estimations presented in Table 2-1.   
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6.2.3 Groundwater Quality Sampling 
Field/In Situ Measurements 
At each sampling location, spring water will be measured in situ for the 
following parameters:  

• pH 
• Specific Conductivity 
• Temperature 
• Dissolved Oxygen (DO) 
• Oxidation-Reduction Potential (ORP) 

Measurements will be recorded on a field sampling form (included in 
Appendix A).  Field measurements will be measured in situ, taking care not to 
disturb the ground surface or agitate the water.   

The instrument(s) used for field measurements will be calibrated according to 
the manufacturer’s instructions.  Most instruments need to be calibrated daily 
to give accurate readings.  

Dissolved Oxygen – Special Considerations 
Collection of accurate DO measurements is difficult.  However, field DO is 
also one of the most important field parameters.  DO instruments are 
particularly sensitive to changes in temperature and barometric pressure, and 
should be calibrated daily. 

Difficulty with DO measurements arises primarily for three reasons: 1) the 
membranes are easily ruptured or scratched during sampling and/or 
replacement leading to erroneous measurements, and 2) DO stabilizes very 
slowly making it difficult to decide what the true reading is.  Yet a third 
problem with DO sensors is that the anodes can become tarnished and give 
inaccurate readings. 

Before measuring DO, the correct procedure is to inspect the membrane 
carefully for any scratches, tears, or air bubbles.  If any of these are observed, 
change out the membrane.  If the silver anodes on the DO probe are tarnished, 
they need to be carefully polished with special polishing paper in the 
maintenance kit.   

Generally, DO stabilizes after 4 to 5 minutes in situ.  Primary evidence of a 
failing DO membrane is from unusual results.  If previous readings have been 
similar and a reading is suddenly out of that range, it is likely the meter 
requires maintenance. 
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Analyses 
After gauging and measurement of field parameters, a water sample will be 
collected from each location.  Samples will be submitted for laboratory 
analysis of the following parameters: 

• VOCs (EPA Method 8260) 
• SVOC (EPA Method 8270) 
• GRO (AK 101) 
• DRO (AK 102) 
• RRO (AK 103)  

Sample Collection 
Samples will be collected at the source of the spring.  Because VOC and GRO 
constituents are especially susceptible to volatilization, steps will be taken 
during sample collection to minimize agitation and other factors that could 
increase volatilization.  If possible, the sampling container will be submerged 
under the water while the container is filled.  If this is not practical, then as 
much of the container as possible should be submerged.  Care will be taken 
not to disturb soil, sediment, algae, or other plant material that could mix in 
with the sample water.  The methods used to collect groundwater samples 
from the springs will be similar to methods commonly used to collect surface 
water samples. Refer to RETEC SOP 250 (included in Appendix A) for 
further guidelines.  This Work Plan will take precedence over SOP 250 if 
there are any discrepancies.  

Sample Nomenclature 
Because all data for this project will be managed in a database, unique 
numbers are required for each sample.   It is insufficient to name samples 
simply using the location name.  Each sample will be named with the location 
name and an eight-digit date when the sample was collected, with a dash 
separating the sample name and date.  The date format will be “mmddyy.”  
For example, a sample collected from spring SP 36 on September 19, 2004 
would be labeled: SP 36-091904.  Similarly, soil samples will be named in a 
similar manner, but will be followed by four more digits to designate the 
sample depth interval.  A soil sample collected from the same location above 
from 2- to 4- feet below ground surface would be labeled: SO-36-091904-
0204. 

Staking Sample Locations 
Sampling locations will be marked with a wooden lath and labeled, so they 
may be easily identified in the future. 

 6-3 



Northern Boundary Assessment Interim Action Work Plan  

6.2.4 Soil Sampling 
Soil samples will be co-located at select spring locations.  Soil samples will be 
collected only after the spring water has been sampled to prevent siltation to 
the water sample.  Samples will be collected using a hand auger advanced into 
the soil directly below the spring.  The soil will be logged in a field notebook 
and include description of grain size, color, odor, and/or staining (if present).  
The sample depth will be determined in the field at the discretion of the field 
geologist.  Sample intervals that exhibit odor or possible hydrocarbon staining 
will be sampled preferentially over those that do not.  Each soil sample will be 
analyzed for the VOCs, SVOCs, and the full suite of TPH ranges in the COC 
list (GRO, DRO, and RRO).      

6.3 Field Quality Assurance Sampling 
Quality assurance samples, including field blanks, blind duplicates, trip 
blanks, equipment blanks, matrix spikes, and matrix spike duplicates, will be 
collected and analyzed as discussed below.   

The following quality assurance samples will be collected in accordance with 
the QAPP (Appendix B): 

• Springs.  One field blank, blind duplicate, and equipment blank for 
every 10 primary surface water samples collected 

• Soil.  One field blank, blind duplicate, and equipment blank for 
every 10 soil samples collected 

In addition, one trip blank will be placed in each cooler to accompany the 
groundwater and soil samples during shipment to the receiving laboratory. 

The quality assurance samples will be analyzed as follows: 

• Equipment blanks, field blanks, and blind duplicate:  full COC list 
• Trip blanks:  only the VOCs on the COC list 

6.4 Sample Handling and Shipping 
Following collection, all surface water samples will be sealed in laboratory-
supplied containers and each container will be labeled with the following 
information: 

• Project name 
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• Unique sample identification number and corresponding sample 
depth (if applicable) 

• Date and time of collection 

• Name of sampling technician 

• Requested analyses 

• Any method of preservation used 

Samples collected for laboratory analyses will be packed on ice for sample 
preservation and transported in sealed coolers to the receiving laboratory via 
courier.  Guidance for packing and shipping samples is provided in SOP 110 
(included in Appendix A).     

For each sample or set of samples shipped for laboratory analyses, a chain-of-
custody form will be completed to accompany the samples.  The chain-of-
custody form will include the following information: 

• Unique sample identification number  
• Project name, location, and number 
• Sample collection dates and times 
• Name of sampling technician(s) 
• Media type 
• Number of containers per sample 
• Signature of person relinquishing and receiving custody 
• Requested analyses for each sample  
• Any method of preservation used 

A copy of the completed chain-of-custody form and any corresponding 
shipping receipt will be maintained for field records.   

When filling out the chain-of custody-form the person collecting the sample 
shall do the following: 

• Request routine turn around times from the analytical laboratory 

• Request that the laboratory provide a Level III quality 
assurance/quality control (QA/QC) package with the analytical 
results 

• Have the laboratory results sent to Susan Milcan in the RETEC 
Fort Collins office 
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6.5 Decontamination 
Decontamination will be performed on all non-dedicated sampling equipment 
between sample locations.     

Stainless steel sampling utensils and water sampling devices will be 
decontaminated at each sample location prior to sampling by rinsing with 
isopropyl alcohol and distilled or de-ionized water.   

6.6 Investigation-Derived Waste Management 
Spring sampling activities are anticipated to generate only minor amounts of 
waste, in the form of used personnel protective equipment (PPE).   
Investigation-derived PPE will be contained in garbage bags and stored on site 
for transport to the municipal landfill.   

6.7 Surveying 
Each proposed groundwater and soil sample location will be surveyed to 
establish vertical and horizontal control using a DGPS if the sampling location 
changes from the location surveyed during the area reconnaissance.  The 
measuring point elevations and ground surface elevations will be surveyed to 
within 3 feet.  The horizontal coordinates will be surveyed to within 1 foot. 
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7 Health and Safety  
The field activities associated with this investigation will be conducted in 
accordance with the guidelines outlined in the Site-Specific Health and Safety 
Plan (HASP) (RETEC, 2004).  The potential health and safety hazards 
associated with the field activities proposed in this Work Plan, and the 
respective precautionary health and safety guidelines, are addressed in the 
HASP.  All personnel involved in the investigation will be required to review 
and comply with the HASP.  

To perform field activities on site, all field personnel must wear a hard hat, 
safety glasses, orange reflective vest and steel-toed boots, and must provide a 
copy of their current Occupational Safety and Health Administration (OSHA) 
40-hour training certificate and OSHA 8-hour refresher-training certificate.  
Additionally, all field personnel working on the ARRC project will have 
current Railroad Contractor Safety Orientation and RETEC On-Track Safety 
training.  Field investigation personnel will be required to attend a preliminary 
site safety orientation to identify the hazards specific to working on site and 
daily safety meetings or project-specific tailgate safety meetings to discuss 
safety topics specific to the fieldwork being performed that day.  All health 
and safety topics, including daily meetings, will be documented and compiled 
in a project field notebook. 

ARRC also requires that task leaders obtain a daily pass and inform the 
railroad environmental, health and safety (EHS) manager and ARRC Project 
Coordinator, Ernie Piper, of daily activities. 
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RETEC Standard Operating Procedure (SOP) 110 
Packing and Shipping Samples 

1.0 Purpose and Applicability  
The RETEC Group, Inc. (RETEC) SOP 110 describes proper packaging methods and 
shipment of samples to minimize the potential for sample breakage, leakage, or cross-
contamination, and provide a clear record of sample custody from collection to analysis. 
Specific project requirements as described in an approved Work Plan, Sampling Plan, 
Quality Assurance Project Plan, Job Hazard Analysis (JHA), Safety Task Analysis Review 
(STAR), or Site-Specific Health and Safety Plan (HASP) will take precedence over the 
procedures described in this document. 

The Environmental Protection Agency (EPA) Resource Conservation and Recovery Act 
(1976) (RCRA) regulations (40 CFR Section 261.4 (d)) specify that samples of solid waste, 
water, soil, or air collected for the purpose of testing are exempt from regulation when any of 
the following conditions apply: 

• Samples are being transported to a laboratory for analysis 

• Samples are being transported to the collector from the laboratory after 
analysis 

• Samples are being stored: 

 By the collector prior to shipment for analysis 
 By the analytical laboratory prior to analysis 
 By the analytical laboratory after testing but prior to return of sample to 

the collector or pending the conclusion of a court case 

Samples collected by RETEC are generally qualified for these exemptions.  RETEC SOP 
110 deals only with these sample types.  If you have any addition questions about shipping 
requirements contact the RETEC Environment, Health and Safety (EHS) Department. 

2.0 Responsibilities 
The field sampling coordinator is responsible for the enactment and completion of the chain-
of- custody and the packaging and shipping requirements outlined here and in project-specific 
sampling plans. 



RETEC SOP No: 110 
Rev. Date: 05/02/02 

Rev. By: AB/LDA/DG 
 
 

 
 
SOP 110–Packing and Shipping Samples  2 of 8 

3.0 Health and Safety 
This section presents the generic hazards associated with packing and shipping samples and 
is intended to provide general guidance in preparing site-specific health and safety 
documents. The Site-Specific HASP, JHAs, and STARs will address additional requirements 
and will take precedence over this document. Note that packing and shipping samples 
usually requires Level D personal protection unless there is a potential for airborne exposure 
to site contaminants. Under circumstances where potential airborne exposure is possible 
respiratory protective equipment may be required based on personal air monitoring results.  
Upgrades to Level C will be coordinated with your Site Safety and Health Officer (SSHO) or 
EHS Coordinator. 

Health and safety hazards with packing and shipping of samples include the following: 

• Exposure to sample preservatives – Know the types of sample preservatives 
sent to you by the analytical laboratory.  Understand the potential exposures 
(inhalation, ingestion skin contact) and use chemically impervious gloves to 
protect your hands from acids in particular. 

• Anticipate the potential for spills – Glass containers are subject to breakage 
and if dropped on the floor will create a spill.  Know how to contain the spill, 
have spill response materials available, and understand the proper disposal 
methods for spilled materials.  Wear personal protective equipment (PPE) to 
clean up the spill as appropriate (Level C or D). 

• Broken glass – Be aware of the possibility for broken glass in previously used 
coolers.  Inspect the cooler before you place samples in it and clean out any 
broken glass safely (i.e. with a small brush). 

• Coolers can be heavy – Use proper lifting techniques to pick up loaded 
coolers.  Bend your legs and lift with a straight back to avoid a back injury. 

• Do not use your teeth to cut tape to size, use a tape dispenser. 

4.0 Supporting Materials 
The following materials must be on hand and in sufficient quantity to ensure that proper 
packing and shipping methods and procedures may be followed: 

• Chain-of-custody forms and tape 

• Sample container labels 

• Coolers or similar shipping containers 
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• Duct tape or transparent packaging tape 

• Zip-lock type bags 

• Protective wrapping and packaging materials 

• Ice  

• Shipping labels for the exterior of the ice chest 

• Transportation carrier forms (Federal Express, Airborne, etc.) 

• PPE as specified in the Site-Specific HASP 

• Material Safety Data Sheets (MSDSs) for any chemicals or site-specific 
contaminants (including sample preservatives) 

• A copy of the Site-Specific HASP 

5.0 Methods and Procedures 
All samples must be packaged so they do not leak, break, vaporize, or cause cross- 
contamination of other samples.  Waste samples and environmental samples (e.g., 
groundwater, soil, etc.) should not be placed in the same shipping container.  Each individual 
sample must be properly labeled and identified.  A chain-of-custody record must accompany 
each shipping container.  When refrigeration is required for sample preservation, samples 
must be kept cool during the time between collection and final packaging. 

All samples must be clearly identified immediately upon collection.  Each sample bottle 
label (Figure 1) will include the following information: 

• Client or project name, or unique identifier, if confidential 
• A unique sample description 
• Sample collection date and time 
• Sampler’s name or initials 
• Indication of filtering or addition of preservative, if applicable 
• Analyses to be performed 

After collection, identification, and preservation (if necessary), the samples will be 
maintained under chain-of-custody procedures as described below. 

5.1 Chain-Of-Custody 
A sample is considered to be under custody if it is in one’s possession, view, or in a 
designated secure area.  Transfers of sample custody must be documented by chain-of-
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custody forms (Figure 2).  The chain-of-custody record will include, at a minimum, the 
following information: 

• Client or project name, or unique identifier, if confidential 
• Sample collector’s name 
• RETEC’s mailing address and telephone number 
• Designated recipient of data (name and telephone number) 
• Analytical laboratory’s name and city 
• Description of each sample (i.e., unique identifier and matrix) 
• Date and time of collection 
• Quantity of each sample or number of containers 
• Type of analysis required 
• Date and method of shipment 

Additional information may include type of sample containers, shipping identification air bill 
numbers, etc. 

When transferring custody, both the individual(s) relinquishing custody of samples and the 
individual(s) receiving custody of samples will sign, date, and note the time on the form.  If 
samples are to leave the collector’s possession for shipment to the laboratory, the subsequent 
packaging procedures will be followed. 

5.2 Packing for Shipment 
To prepare a cooler for shipment, the sample bottles should be inventoried and logged on the 
chain-of-custody form.  At least one layer of sorbent protective material should be placed in 
the bottom of the container. Be careful for any broken glass. A heavy-duty plastic bag, if 
available, should be placed in the shipping container to act as an inner container. As each 
sample bottle is logged on the chain-of-custody form, it should be wrapped with protective 
material (e.g., bubble wrap, matting, plastic gridding, or similar material) to prevent 
breakage.  The protective material should be secured with tape.  The sample should then be 
placed in a zip-lock type bag.  Each sample bottle should be placed upright in the heavy-duty 
plastic bag inside the shipping container.  Each sample bottle cap should be checked during 
wrapping and tightened, if needed. Avoid over tightening, which may cause bottle cap to 
crack and allow leakage.  Additional packaging material, such as bubble wrap, should be 
spread throughout the voids between the sample bottles. 

Most samples require refrigeration as a minimum preservative.  To ensure that samples are 
received by the laboratory within required temperature limits, place cubed ice directly over 
packed samples, making sure that ice is present on all sides of each sample (a 2-inch layer of 
ice should be present on top of the samples prior to shipment). 

If applicable, secure the inner heavy-duty bag with clear packing tape.  This will prevent 
water from leaking out of the package, thus stopping shipment (package handling companies 
will not ship a leaking package). 
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Place the original completed chain-of-custody record in a zip-lock type plastic bag and place 
the bag on the top of the contents within the cooler or shipping container.  Alternatively, the 
bag may be taped to the underside of the container lid.  Retain a copy of the chain-of-custody 
record with the field records. 

Close the top or lid of the cooler or shipping container and rotate/shake the container to 
verify that the contents are packed so that they do not move.  Add additional packaging if 
needed and reclose.  Place signed and dated chain-of-custody seal (Figure 3) at two different 
locations (front and back) on the cooler or container lid and overlap with transparent 
packaging tape. The chain-of-custody seal should be placed on the container in such a way 
that opening the container will destroy the tape.  Packaging tape should encircle each end of 
the cooler at the hinges.  Use proper lifting techniques when picking up the cooler. 

Sample shipment should be sent via an overnight express service that can guarantee 24-hour 
delivery.  Retain copies of all shipment records as provided by the shipper. 

6.0 Quality Assurance/Quality Control 
Recipient of sample container should advise shipper and/or transporter immediately of any 
damage to the container, breakage of contents, or evidence of tampering. 

7.0 Documentation 
The documentation for support of proper packaging and shipment will include RETEC or the 
laboratory chain-of-custody records and transportation carrier’s airbill or delivery invoice. 
All documentation will be retained in the project files. 



 
Sample Label 

Figure 1 
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RETEC Standard Operating Procedure (SOP) 250 
Surface Water Sampling 

1.0 Purpose and Applicability 
The RETEC Group, Inc. (RETEC) SOP 250 describes the basic techniques and general 
considerations to be followed for the collection of Surface Water samples from rivers, 
lakes, and ponds.  Specific details of actual sample collection are highly dependent upon 
local conditions as well as upon the purpose of the water quality study.  Nevertheless, 
certain aspects of sample collection procedures are independent of project-specific 
variations.   

Specific project requirements as described in an approved Work Plan, Sampling Plan, Quality 
Assurance Project Plan, Job Hazard Analysis (JHA), Safety Task Analysis Review (STAR), or 
Site-Specific Health & Safety Plan (HASP) will take precedence over the procedures described 
in this document. 

2.0 Responsibilities 
The project manager is responsible for ensuring that a properly designed sampling program 
is prepared prior to any sample collection.  The field sampling coordinator will have the 
responsibility to oversee and ensure that all surface water sampling is performed in 
accordance with the project specific sampling program and this SOP.  In addition, the field 
sampling coordinator must ensure that all field workers are fully apprised of this SOP. 

3.0 Health and Safety 
This section presents the generic hazards associated with surface water sampling and is 
intended to provide general guidance in preparing site-specific health and safety 
documents. The site-specific HASP, JHA, and STAR will address additional requirements 
and will take precedence over this document. Note that surface water sampling usually 
requires Level D personal protection unless there is a potential for exposure to airborne site 
contaminants. 

Health and safety hazards include but are not limited to the following: 

• Slip, trips, and falls in tall grasses over obstacles, and muddy conditions or side 
slopes near stream banks.  Review terrain hazards prior to conducting these 
operations.  Ensure there is a safe means of access/egress to the sampling 
location. 
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• Dermal exposure to potentially contaminated water. Ensure that proper personal 
protective equipment (PPE) is used to mitigate the impact of splashes of water to 
skin and/or eyes.  

• Ergonomics.  Use appropriate ergonomic techniques when inserting or retrieving 
equipment from the lake or stream to preclude injury to the arms, shoulders or 
back.   

4.0 Supporting Materials 
The following materials must be on hand in sufficient quantity to ensure that proper 
sampling procedures may be followed: 

• Project specific sampling program 

• Personal protection equipment as specified in the Project Health and Safety Plan 

• Sample containers, labels, and preservatives 

• Decontamination equipment and solutions 

• Paper towels or chemical-free cloths 

• Coolers and ice 

• Field equipment as specified in the sampling program, the corresponding 
manufacturer's manuals, and the appropriate calibration standard 

• Vertical or horizontal type samplers; 

• Boat or raft 

• Weighted tape measurer or rigid gage 

• Field data sheets and field  

• Material Safety Data Sheets (MSDSs) for any chemicals or site-specific 
contaminants 

• A copy of the site-specific HASP 

5.0 Methods and Procedures 
The following describes methods and procedures required to collect representative Surface 
Water samples. 
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5.1 Sample Location Selection 
Selecting a precise sampling location requires professional judgment and an understanding 
of the purpose of the study.  Sampling locations where mixing is incomplete should be 
avoided if an average composition is required.  Often areas of poor lateral or vertical 
mixing can be visually identified.  For example, color or turbidity differences may be 
apparent immediately below the confluence of a tributary and the main river or at a 
wastewater discharge point.  Use of a field conductivity meter is recommended for 
determining the uniformity of the water composition across the width and depth of the 
water body.  Once the sampling point has been selected, it must be fixed by detailed 
description, maps, or with the aid of stakes, buoys, or other landmarks so that others can 
identify the sampling location. 

5.2 Stream Sampling 
In shallow streams (those which can be safely traversed on foot) the sample container can 
be filled directly with the flowing water.  In deep rivers, a boat or raft will usually be 
required to obtain a representative sample.  Unless otherwise specified in the project 
specific sampling plan, samples should be collected at the mid-depth section or deepest 
flow channel of the stream. 

Stream depth and discharge need to be recorded.  Stream depth can be determined using a 
depth sounder or by physical measurement with a heavily weighted flexible measuring tape 
or a rigid gage.  Stream velocity measurements can be collected using a Marsh-McBirney 
Model 2000 portable flowmeter or similar instruments, and top setting wading rod at the 
gaging stations.  The discharge at the gaging stations can be calculated by determining the 
mean flow velocity across a stream cross- section and multiplying this by the cross-
sectional area as measured with a tape and the wading rod at that point.  The top setting 
wading rod should be used to place the velocity sensor at 60 percent of total water depth as 
measured from the water surface.  This is the same stream gaging method employed by the 
U.S. Geological Survey (1977).  A vertical or horizontal type sampler should be used for 
collecting samples at a specific depth in the water column.   

5.3 Lake and Pond Sampling 
Water in lakes and ponds is generally poorly mixed and thermal stratification is frequently 
observed,  Single samples can only represent the specific spot from which they were 
obtained.  For many studies, samples collected at the inlet(s) and/or outlet(s) of the lake or 
pond are of the most interest.  In other studies, a grid is established over the lake or pond 
and samples are collected at grid line intersections.  As with deep rivers, a horizontal type 
sampler should be used for sample collection. 

5.4 Sample Handling and Preservation 
In general, the shorter the time lapse between sample collection and analysis, the more 
reliable the results will be.  Certain water quality parameters, especially pH, temperature, 
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and dissolved oxygen, are so closely related to the environment of the water that 
meaningful results can only be obtained by in-situ field measurements. 

Specific procedures pertaining to the handling and shipment of samples shall be in 
accordance with SOP 110.  A clean pair of gloves and decontaminated sampling tools will 
be used when handling the samples during collection to prevent cross contamination.  A 
representative sample will be placed in the sampling container. Sample containers shall be 
labeled with the following information: 

• Client or project name, or unique identifier, if confidential 
• Unique sample description (i.e., sampling point number and depth) 
• Sample collection date and time 
• Sampler's name or initials 
• Analyses to be performed 

 
These data shall be recorded on the Surface Water Sampling form (Figure 1) and/or field 
book.   

Prior to transport or shipment, Surface Water samples may require preparation and or 
preservation.  Field preparation may entail filtration, or preservation in the form of 
chemical additives or temperature control.  Specific preservation requirements will be 
described in the project specific sampling plan. 

Surface Water samples collected for dissolved metals analyses will be filtered prior to 
being placed in sample containers.  Groundwater filtration will be performed using a 
peristaltic pump and a 0.45 micron water filter unless specified otherwise in the project 
specific sampling plan.  For most dissolved metal analyses, pH adjustment of the sample is 
also required and shall be performed after filtration. 

6.0 Quality Assurance/Quality Control 
Quality Assurance/Quality Control (QA/QC) requirements include, but are not limited to, 
blind field duplicates, blind rinsate blanks, and blind field blanks.  These samples will be 
collected on a frequency of one QA/QC sample per 20 field samples or a minimum of one 
QA/QC sample per day unless otherwise specified in the project specific sampling plan. 

7.0 Documentation 
There are several documents that must be completed and maintained as part of the Surface 
Water Sampling procedure.  The documents will provide a summary of the sample 
collection procedures and conditions, shipment method, the analyses requested, and the 
custody history.  The documents may include: 

• Field log book 
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• Surface Water Sampling forms 
• Sample labels 
• Chain of custody 
• Shipping receipts 
• Health and Safety forms (JHA, STAR, and/or site-specific HASP 

amendments) 
 
The field record should be of sufficient detail to allow others to understand how and where 
samples were taken.  All documentation will be retained in the appropriate project files. 

8.0 References 
U.S. Geological Survey, 1977, National Handbook of Recommended Methods for Water-

Data Aquistion, U.S. Dept. of Interior, Virginia. 



The RETEC Group, Inc. 
Groundwater Sampling Form 

 
PROJECT   PROJECT NO.   
WELL/SPRING NO.  WELL OR SPRING?  
SAMPLERS       
 
1. WELL CONDITION CHECKLIST: 
 a. Bump Posts      Pro.casing/lock       Surface pad      
 b. Well visibility (paint)   
 c. Well label   
 
2. WATER LEVEL/SPRING FLOW MEASUREMENT: 
 DATE    TIME    
 WELL – WATER LEVEL MEASUREMENT  
 a. Location of measuring point   
 b. Depth of water table from measuring point   
 c. Height of measuring point above ground surface   
 d. Total depth of well below measuring point   

e. Length of water column (line 2d-2b)   
SPRING – FLOW MEASUREMENT 
a. Flow rate   
b. Method of measurement   

 
3. WELL PURGING: 
 DATE    TIME    
 WEATHER CONDITIONS   
 a. Purge method   
 b. Required purge volume at 3 well volumes     

 
Pumping 
Duration 

Volume 
Removed 

pH Sp Cond. T(°C) DO ORP Appearance 

  
  
  
  
  

 
4. SAMPLE COLLECTION: 
 DATE    TIME    
 WEATHER CONDITIONS   
 a. Collection method   
 b. Meter calibration: Date Model 
 multi-meter   
 other   
 c. Sample information pH Sp Cond. T(°C) DO  ORP  

Analysis/Method Containers Sample Prep./Preservation 
VOC’s (EPA 8260)   
SVOCS (EPA 8270)   
GRO (AK 101)   
DRO (AK 102)   
RRO (AK 103)   

 d. Chain of custody form   COC tape  
 e. Shipping container   
 
5. COMMENTS:  
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1 Introduction 
This Quality Assurance Project Plan (QAPP) presents the project 
organization, objectives, activities, and quality assurance (QA) procedures 
that will be implemented while conducting an Interim Action at the North 
Boundary Assessment Area in Anchorage, Alaska.  This QAPP was prepared 
following the United States Environmental Protection Agency (U.S. EPA) 
Guidance for Quality Assurance Project Plans (U.S. EPA, 2002) and the EPA 
Requirements for Quality Assurance Project Plans for Environmental Data 
Operations (U.S. EPA, 2001).  

Changes to this QAPP will likely be necessary to accommodate changing 
regulatory requirements, technology, or project objectives.  For example, the 
changes could include different analytical methods, lower or higher reporting 
limits, changes to the Analyte List, or different Quality Control (QC) criteria. 
These types of major changes will require the issue and approval of a revision 
of this document. Alaska Railroad Corporation (ARRC) will obtain approval 
from appropriate personnel prior to implementing any changes. 

Section 1 pertains to project/task organization and schedule, the roles and 
responsibilities of project participants, and site background.  This section also 
references a list of objectives to be addressed by this investigation and the 
data quality objectives (DQOs) necessary to effectively address the objectives.  
A description of tasks to be performed during the investigation and the 
measurement performance criteria and documentation needed to meet the 
DQOs are also referenced in this section.  

Section 2 references the data generation and acquisition design and sampling 
methods for this investigation.  Analytical methods and QC (field and 
laboratory) requirements are also presented in this section.  Field and 
laboratory instrument calibration requirements, data acquisition, and data 
management requirements for this investigation are provided. 

In Section 3, the assessment and oversight activities needed for the project are 
identified and the type(s) of audits to be performed are described.  In addition, 
the type and frequency of reports to be prepared for this investigation are 
identified. 

Section 4 presents ARRC's processes and criteria for the review and validation 
of the data collected during this investigation, as well as a description of how 
these analytical results will be reconciled with the DQOs. 

1.1 Project/Task Organization 
The project team for the Northern Boundary Assessment Interim Action Work 
Plan (NBAWP) includes: 
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• Regulatory Agencies – U.S. EPA Region 10 (U.S. EPA) 
• Facility Owner – Alaska Railroad Corporation (ARRC) 
• Project Consultant – The RETEC Group, Inc. (RETEC) 
• Laboratory Contractor – Analytica, NCA, and SGS 

The purpose of this section is to define the areas of responsibility and lines of 
authority for each organization and for the members of the QA/QC team.  This 
will be used to establish lines of communication to facilitate the decision-
making process during implementation of the QAPP.  A project organization 
chart showing the relationships between the members of the project team and 
lines of communication is included as Figure 1-1.  These descriptions provide 
all parties a clear understanding of the role that each participant plays in this 
project. 

1.1.1 Regulatory Agency – U.S. EPA  
The U.S. EPA is responsible for review and acceptance of the NBAWP.  This 
includes ensuring that the Work Plan is in compliance with the agency’s 
regulations and guidance documents. The U.S. EPA has the responsibility and 
authority to review and accept or reject the Work Plan.   

1.1.2 Facility Owner – ARRC  
ARRC has overall responsibility for site activities and investigations.  ARRC 
also has the authority to accept or reject the NBAWP.  ARRC representatives 
are shown on Figure 1-1. 

1.1.3 Project Consultant –RETEC 
As the Project Consultant, RETEC has the primary responsibility of designing 
and implementing the work plan so that it meets the project objectives.  
RETEC is also responsible for ensuring that QA/QC assessments associated 
with the project are completed.  RETEC personnel will include the Project 
Manager, Remedial Investigation/Feasibility Study (RI/FS) Team Leader, 
Field Task Leader, Project QA Manager, Site Health and Safety Officer, and 
Data Users.  

Consultant Project Manager (CPM) 
The CPM, Chris Cosentini, is responsible for overall management of the 
RETEC team, and coordinating work and communication between RETEC, 
ARRC, and U.S. EPA. 

Consultant RI/FS Team Leader (CTL) 
The CTL, Chris Pearson, is responsible for planning and implementation of 
the work, and tracking the project budget. 

Consultant Field Task Leader (CFTL) 
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The CFTL, Bjorn Selvig, is responsible for directing the field staff and 
assuring that the Work Plan and QAPP are being followed.  The Field Task 
Leader is also responsible for educating field personnel on QA requirements 
and procedures. 

Consultant Quality Assurance Manager (CQAM) 
The CQAM, Sue Milcan, will: 

• Be responsible for laboratory coordination for scheduled site work 

• Assure that the specified analytical and data management procedures 
are followed and documented 

• Assess the precision, accuracy, and completeness of the laboratory 
data 

• Schedule and conduct laboratory quality audits as needed; schedule 
and oversee or conduct data verification, issue laboratory audit reports, 
retain laboratory audit records, and follow up on corrective actions as 
needed 

Site Health and Safety Officer (SHSO) 
The SHSO, Bjorn Selvig, is responsible for: 

• Ensuring that all health and safety procedures are adhered to by all 
personnel associated with the project 

• Documenting health and safety incidents (i.e., near misses, accidents) 

• Notifying and correcting lapses observed in health and safety 
procedures 

• Promoting safe work practices among the work crew 

Data Users 
Data users include the Environmental Information Systems (EIS) manager and 
the Geographic Information Systems (GIS) manager.   

The EIS manager will be responsible for implementing and maintaining the 
project EQuIS database.  The EIS manager will work closely with the CQAM 
to make sure that all analytical data are loaded into the database. 

The GIS manager will be responsible for implementing and maintaining the 
spatial data.  These data will include GIS coverages and CAD files.   
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1.1.4 Laboratory Contractor QA/QC Team 
Roles, activities, and responsibilities of analytical laboratory subcontractor 
participants are detailed below.   

Laboratory Director (LD) 
The LD will be responsible for assuring compliance with the quality 
procedures and managing resources of the laboratory to meet the project 
needs. 

Laboratory Project Manager (LPM) 
The LPM will communicate directly with the CPM and the CQAM and will 
report to the LD.  The LPM will: 

• Coordinate laboratory analyses 

• Supervise chain-of-custody procedures in house  

• Schedule sample analyses within required holding times 

• Oversee data review and preparation of analytical reports and 
electronic data deliverables (EDDs) 

• Approve final analytical reports and EDDs prior to submission to the 
CQAM 

Laboratory Quality Assurance Manager (LQAM) 
The LQAM has overall responsibility for laboratory data and administration 
of this QAPP.  The LQAM or a designee will communicate data issues 
through the LPM and will: 

• Review and approve laboratory QA/QC procedures 

• Review QA documentation 

• Conduct detailed data review 

• Conduct a 100 percent compliance review of EDDs to hardcopy data 
results 

• Develop and implement laboratory corrective actions 

• Define appropriate laboratory QA/QC procedures 

• Evaluate the effectiveness of the project-specific quality program 
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• Review and approve laboratory Standard Operating Procedures 
(SOPs) 

Laboratory Sample Custodian (LSC) 
The LSC will report to the LD and will: 

• Receive, inspect, and record information concerning the condition of 
incoming sample containers 

• Verify and sign sample chain-of-custody forms 

• Notify the LPM of sample receipt and inspection 

• Assign samples a unique identification number and customer number, 
and enter each sample into the sample receiving log 

• Initiate transfer of the samples to appropriate lab division 

• Control and monitor access/storage of samples 

1.2 Investigation Objectives and Background 
This QAPP supports the NBAWP.  The objective of the investigation is to 
locate and characterize potential upgradient sources of contamination to Ship 
Creek.  The data collected will include groundwater and soil collected from 
springs located along the North Bluff.  Sampling will be based on knowledge 
of historical processes, historical sample results, areas of known 
releases/spills, previously documented springs, and through visual surveys of 
additional springs.  Results derived from this effort may be used to define 
additional investigation during the remedial investigation feasibility process. 

This QAPP has been submitted to the regulatory agency, ARRC project 
managers, RETEC field and management personnel, and the analytical 
laboratories as part of an integral document that supports the NBAWP. 

1.3 Project/Task Description and Schedule 
The objectives of the project are described in the NBAWP (RETEC, 2004).  
Field work for this investigation will be completed in September/October 
2004. 

1.3.1 Technical and Reporting Standards and Criteria 
Field documentation required for this project includes: 

• Field Notebooks 
• Sample Collection Forms 
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• Chain-of-custody Forms 
• QC Sample Records 
• Field Instrument Calibration Records 
• Field QC Audit Reports 

Analytical work for each field investigation will include fully documented 
Update III SW-846 (U.S. EPA, 1997) sample collection, preservation, and 
handling procedures; Update III SW-846, American Society for Testing and 
Materials (ASTM), or state approved analytical methods; and RETEC Level 3 
data packages, as applicable to the analytical method.  Components of the 
RETEC Level 3 data package are identified in Table 1-1.  Full QA/QC 
summary data validation will comply with Update III SW 846 method criteria 
and will follow the U.S. EPA Contract Laboratory Program (CLP) National 
Functional Guidelines (U.S. EPA, 1999 and 2001), as they apply to the 
analytical methods employed. 

Independent data validation and laboratory QC Audit Reports will also be 
prepared and retained with project documents.  

Once the activities described in the NBAWP have been completed, a report 
will be prepared and submitted to U.S. EPA.  This report will contain the 
following information: 

• Physical setting (including rainfall, temperature, wind speed, 
evaporation data, and descriptions of local topography) 

• Contamination characterization (presenting data collected to evaluate 
upgradient sources of contamination along the Northern Boundary) 

• Comparison of data to relevant screening levels to define constituents 
of interest 

• Assessment of data gaps and recommendations for further 
investigation, if necessary 

1.3.2 Project Review/Audit Tools 
Audits will be conducted as a principal means of determining compliance with 
the QAPP.  The various types of audits to be conducted during the project are 
detailed in Section 3 and outlined below: 

• Performance Audit. Verify that measurement systems are operating 
properly. 

• Data Quality Audit. Assess whether data quality is adequately 
documented. 
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• Technical Systems Audit. Confirm the adequacy of data collection 
systems. 

Based on the results of the technical systems audit, the CPM may require a 
program technical review and/or a management systems audit.  This process 
would include a review of and possible recommendation for modification of 
appropriate technical procedures and/or an evaluation of management 
effectiveness to meet QA guidelines. 

For complex or highly specialized tasks, senior technical specialists will be 
assigned portions of an audit, as deemed necessary.  In addition, auditors will 
not be directly involved with the audited work task, so that bias is not 
introduced into the auditing process. 

1.4 Data Quality Objectives 
In accordance with guidance provided by the U.S. EPA in the Advanced 
Notice of Proposed Rulemaking (U.S. EPA, 1996), data gathering strategies 
should be tailored to reflect the DQOs.  DQOs reflect the overall degree of 
data quality or uncertainty that the decision maker is willing to accept during 
decision making.  DQOs are used to specify the quality of the data, usually in 
terms of precision, bias, representativeness, comparability, and completeness.  
DQOs apply to the entire measurement system (e.g., sampling locations, 
methods of collection and handling, field analysis, and laboratory analysis). 
DQOs are used to ensure that environmental data are scientifically valid, 
defensible, and of an appropriate level of quality given the intended use for 
the data (U.S. EPA, 1996). 

The U.S. EPA’s goal in using DQOs is to “…minimize expenditures related to 
data collection by eliminating unnecessary duplicative, or overly precise data.  
At the same time, the data collected should have sufficient quality and 
quantity to support defensible decision making” (U.S. EPA, 1994a).  DQOs 
are intended to (U.S. EPA, 1994a and 1994b): 

• Clarify the study objectives 

• Define the most appropriate type of data to collect 

• Determine the most appropriate conditions from which to collect data 

• Specify tolerable limits on decision errors to establish quantity and 
quality of data 

To develop DQOs appropriate for this program, ARRC followed the guidance 
presented in U.S. EPA’s Guidance for the Data Quality Objective Process 
(U.S. EPA, 2000).  This process led to the development of general DQOs, as 
presented in NBAWP (RETEC, 2004).  
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The site-specific DQOs are presented by media in Table 5-1 of the NBAWP 
(RETEC, 2004).  As stated above, the data quality required for this project is a 
function of the accepted limits of uncertainty.  Of the five data quality levels 
defined in U.S. EPA guidance, Level 3 is appropriate for the NBAWP 
program. 

Level 3 provides the highest level of data quality and is used for site 
characterization and risk assessment.  It includes analytical laboratory data 
with full QA/QC support and documentation.  Analytical laboratory data 
deliverables associated with Level 3 DQOs allow for thorough data validation 
procedures to be followed.   

Groundwater laboratory analysis will generate Level 3 data reports, as 
described in Table 1-1 that will be submitted to the CQAM and retained by 
the laboratory with full analytical documentation.  These data may be used for 
site characterization, evaluation of migration pathways, risk assessment, and 
determination of remedial alternatives. Field QC samples will be prepared and 
analyzed to identify possible sources of error during sampling and sample 
handling. 

1.4.1 Measurement Performance Criteria 
QA objectives for the data include the qualitative guidelines listed above, as 
well as quantitative determinations of the data quality indicators or precision, 
accuracy (bias), representativeness, comparability, and completeness 
(PARCC) parameters.  The objectives for PARCC parameters will vary with 
the anticipated use of the data. A discussion of how each of these five 
parameters will be integrated into this project is provided below. 

1.4.1.1 Precision 
Precision measures the reproducibility of measurements under a given set of 
conditions.  Precision is measured by the relative percent difference (RPD), a 
quantitative measure of the variability of a group of measurements compared 
to their average value. The overall precision of measurement data is a mixture 
of sampling and analytical factors.  Precision is evaluated through field and 
laboratory duplicate samples.    

Sampling precision for this program will be evaluated by analysis of field 
duplicate samples from a given location. When determining field precision, 
the acceptable level of variability in these results will be no greater than 30 
percent RPD for water samples and no greater than 50 percent RPD for soil 
samples.  Field duplicate samples will be collected for analysis at a rate of one 
sample in 20 (5 percent). 

Laboratory precision will be evaluated through analysis of laboratory 
duplicates, laboratory control sample duplicates (LCSDs), and matrix spike 
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duplicates (MSDs).  Laboratory control limits for these analyses will reference 
published SW-846 method (U.S. EPA, 1997) or CLP limits (U.S. EPA, 1994a 
and 1994b), as available.  If control limits are not published, laboratory 
control-charted limits will be referenced.  Control limits will vary with 
analysis and sample type (i.e., duplicate, LCSD, MSD).  Laboratory precision 
will be determined by matrix for one sample in 20 (5 percent). 

1.4.1.2 Accuracy 
Accuracy measures the closeness of an individual measurement or the average 
of a number of measurements to the true value.  Accuracy includes a 
combination of random and systematic error components that result from 
sampling and analytical operations. Sources of error include the sampling 
process, field contamination, sample preservation, sample handling, sample 
matrix, laboratory preparation, and analysis techniques.   

Sampling accuracy will be assessed by evaluating the results of field-
generated blanks and trip blanks.  Field-generated blanks will be collected at a 
frequency ratio of 1:20.  One trip blank per cooler containing samples for 
volatile organic compound (VOC) analysis will be submitted for analysis.    

Laboratory accuracy for analytical methods will be assessed by spiking 
samples with known standards and measuring the percent recovery of the 
spiked analyte. Known standards include matrix spikes (MSs), surrogate 
spikes, and laboratory control samples (LCSs).  Surrogate spikes are required 
for all environmental and QC samples analyzed for organics.  MSs and/or 
LCSs will be submitted for no less than one sample in 20 (5 percent). 

Recovery of surrogate, matrix, and laboratory control spikes will be evaluated 
after each analytical run by the laboratory analyst to verify that the values are 
within published SW-846, CLP (U.S. EPA, 1997), or laboratory control-
charted limits.  If recovery values are outside control limits, the system will be 
evaluated to confirm that all instrumentation is operating properly. 
Documentation and bench sheets will be reviewed to verify that the 
concentrations of spike solutions are accurate.  If no system, documentation, 
solution preparation or spiking errors are identified, the data will be reviewed 
to determine whether the unacceptable spike results are due to matrix 
interference.  If matrix interferences are affecting surrogate and/or matrix 
spike recovery and re-extraction is not deemed useful, the data will be 
annotated to document the situation.  However, if a surrogate recovery is less 
than 10 percent, the sample will be re-extracted and reanalyzed once, unless 
there is objective evidence of matrix interference. 

1.4.1.3 Representativeness 
Representativeness expresses the degree to which sample data accurately and 
precisely represent a characteristic of a population, parameter variations at a 
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sampling point, or an environmental condition.  Representativeness is a 
qualitative parameter used to ensure proper design of the sampling program. 
Representativeness criteria are best satisfied by making certain that sampling 
locations are selected properly and a sufficient number of samples are 
collected. 

1.4.1.4 Completeness 
Completeness is defined as the percentage of measurements made that are 
judged to be valid measurements.  Completeness is defined by the equation 
below: 

 ( %100% )
R
SC =  [1] 

Where: 

C = completeness 
S = number of valid analyses 
R = number of requested analyses 

The completeness goal is essentially the same for all data uses: that a 
sufficient amount of valid data be generated.  It is important that critical 
samples are identified and plans made to achieve valid data from critical 
samples. The completeness goal established for this project is 90 percent. 

1.4.1.5 Comparability 
Comparability is a qualitative parameter expressing the confidence with which 
one data set can be compared to another.  Sample data should be comparable 
with other measurement data for similar samples and sample conditions. This 
goal is achieved through the use of standard techniques to collect and analyze 
representative samples and the consistent reporting of analytical results in 
appropriate units.  Comparability is limited by the other PARCC parameters 
because the data sets can only be compared with confidence when precision 
and accuracy are known. For comparability, reporting limits for soil and 
aqueous sample analyses must achieve the practical quantitation limit (PQL) 
for those samples not subject to dilution or affected by sample matrix.  The 
PQL is also adjusted for dry weight in soil matrices. 

1.4.2 Special Training Requirements/Certification 
Specific training requirements for performing fieldwork at the site are as 
follows: 

• All field personnel assigned to the Site must have successfully 
completed 40 hours of training for hazardous site work in accordance 
with Occupational Safety and Health Administration (OSHA) 29 
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Code of Federal Regulations (CFR) 1910.120(e)(3) and be current 
with their 8-hour refresher training in accordance with OSHA 29 CFR 
1910.120(e)(8).  Documentation of OSHA training is required prior to 
personnel being permitted to work on site. 

• Personnel managing or supervising work on site will also have 
successfully completed 8 hours of Manager/Supervisor Training 
meeting the requirements of OSHA 29 CFR1910.120(e)(4). 

• Personnel assigned to the Site must be enrolled in a medical 
surveillance program meeting the requirements of OSHA 29 CFR 
1910.120(f). Personnel must have successfully passed an occupational 
physical during the past 12 months and be medically cleared to work 
on a hazardous waste site and capable of wearing appropriate personal 
protective equipment and respiratory protection as may be required. 

It is the responsibility of the employing organization to provide their 
employees with the required training, medical monitoring, and fit testing prior 
to assigning them to work at this Site.  Each employing organization will be 
responsible for providing documentation of training, monitoring, and fit 
testing (with make/model of respirator) to the CPM and the CFTL prior to 
sending their employees to the Site to work. 

1.5 Documentation and Records 
This section of the QAPP identifies the protocols for reporting and 
documentation of field records, laboratory analytical data reports, and EDD 
reports generated in this program. 

1.5.1 Field Records 
Field records to be maintained in a field notebook will include all sample 
collection forms, chain-of-custody forms, QC sample records, field instrument 
calibration records, daily field activity logs, and field QC audit reports.  Direct 
read data and/or measurements during fieldwork will be written on 
customized and numbered field forms, immediately after measurements have 
been taken.  All notations will be written in indelible ink and all entries will be 
signed and dated.  If entries must be changed, the reason for the change should 
be noted and the change should not obscure the original entry (e.g., a single 
line drawn through text or an “X” through figures, tables, or maps). The 
change will be initialed and dated by the responsible person.  If space is 
available, revisions will be added to the same page.  Otherwise, the page 
where the revision is entered will be noted.  Any lost, damaged, or voided 
field forms or notebooks will be reported to the CFTL immediately. 
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1.5.2 Laboratory Data Report Format 
Analytical data reports for groundwater samples will be submitted 
electronically and will include items listed in Table 1-1.  Completed data 
reports from the laboratory will include a narrative outlining any problems, 
corrections, anomalies, and conclusions, as well as chain-of-custody 
documentation. Additionally, the laboratory will provide one copy of the 
associated EDD as appropriate for the requested analyses.  

The laboratory report and the EDD must be received within 14 days of the 
laboratory’s receipt of the sample.  The EDD must be in text file format (*.txt) 
and include all sample and analytical data as required for EQuIS 4-file 
formats. 

1.5.3 Independent Analytical Data Validation and 
Quality Control Audit Reports 

To provide an independent validation of the data reports generated during this 
program, RETEC will review and validate the data presented in the final 
reports submitted by the analytical laboratories.  Data validation will be 
performed using the National Functional Guidelines (U.S. EPA, 1999 and 
2002) as they apply to the Update III SW-846 (U.S. EPA, 1997). Detailed 
validation checklists and summary tables will be provided, including 
discussions of any data outliers and validation action taken.  Table 1-2 is an 
example of the RETEC Analytical Data Validation Checklist. 

Data validation reports and checklists will include assessments of data 
precision, accuracy, completeness, and method compliance. Sample results, 
case narratives, and analytical QC summary forms will be reviewed at a 
frequency of 100 percent. All sample and QC results will be compared to the 
EDDs at a 100 percent frequency.  Full analytical data documentation, 
including sample and QC results, analyst’s logs, worksheets, instrument 
printouts, chromatograms, and quantitation reports will be submitted to the 
CQAM with the laboratory reports and will also be retained by the laboratory 
as detailed below. 

Organic QC summary forms will be comparable to CLP forms I through VIII 
(U.S. EPA, 1994b) and will include sample results, detection limits, 
extraction/preparation and analytical dates, surrogate recoveries and control 
limits, method blank results, LCS results and control limits, MS results and 
control limits, system performance checks (tunes), initial and continuing 
calibration results, internal standards, extraction benchsheets, and run 
chronologies, as applicable to the methods. 

Inorganic QC summary forms will be comparable to CLP forms I through 
XIV (U.S. EPA, 1994a) and will include sample results, detection limits, 
preparation and analytical dates, method blank results, standard and 
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interference check recoveries, serial dilutions, duplicate results and control 
limits, LCS and MS results and control limits, initial and continuing 
calibration results, preparation logs, and run chronologies, as applicable to the 
methods.  

1.5.4 Archiving and Retrieval 
During all active stages of the project, one copy of field documents, laboratory 
summary reports, work plans, and other reports will be filed in a central 
location at the RETEC office in Fort Collins, Colorado to allow easy and 
frequent access.  Raw laboratory data and calculations will be maintained by 
the analytical laboratory for 7 years prior to disposal without notification. 

All contract laboratories will archive environmental samples for a period of at 
least 90 days after submittal of the report in which the data are included.  If no 
requests for reanalysis are received, data will be considered as accepted and 
samples can be disposed of, unless ARRC provides other written instructions. 
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2 Data Generation and Acquisition 
Project analytical methods were selected on the basis of PQLs and the level of 
analytical quality control needed to meet project DQOs and data user needs. 
Standard U.S. EPA methods were selected when available. 

2.1 Sampling Process Design 
To generate high quality data, general field operations and practices and 
specific sample collection and inventory must be well planned and carefully 
implemented. The selection of sampling locations, the development of the 
sampling program, and specific sampling procedures resulted from the review 
of existing data and data gaps.  The justification for sampling locations may 
be found in Table 5-2 of the NBAWP (RETEC, 2004). 

2.2 Sample Methods Requirements 
Field sampling protocols and the supporting SOPs are presented in Appendix 
A of the NBAWP (RETEC, 2004).   

The initial responsibility for monitoring the quality of field measurements lies 
with the field personnel.  Each technical staff member is responsible for 
verifying that all QC procedures are followed.  The technical staff member 
assesses the correctness of the field methods and the ability to meet QA 
objectives.  If a problem occurs that might jeopardize the integrity of the 
project or cause some QA objective not to be met, the technical staff member 
will notify the CFTL, who will then notify the CTL and CPM.  Corrective 
action measures will then be selected and implemented.  The technical staff 
member will document the problem, the selected corrective action, and the 
corrective action results as a permanent record. 

If corrective action requires a departure from procedures in the NBAWP 
(RETEC, 2004), these changes will be documented in the field notebook.  In 
circumstances where unanticipated conditions are encountered, appropriate 
sampling actions consistent with project objectives will be conducted after the 
CFTL confers with the CTL and CPM.  This change will be noted in the field 
notebook. 

2.3 Sample Handling and Chain-Of-Custody 
Requirements 
Sample handling and sample identification requirements for field personnel 
are detailed in Section 6 of the NBAWP (RETEC, 2004). 

Sample custody will be maintained and documented in the field from 
collection through delivery to the laboratory.  Sample custody is documented 
through the use of a field notebook and consultant or laboratory provided 
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chain-of-custody forms documenting the name of the sampler, the time of 
sample collection, and the relinquishment of samples (under custody seal) to 
the analytical laboratory.  Figure 2-1 is an example of a chain-of-custody 
form. 

The sampler is responsible for the care and custody of samples from the time 
they are collected until they are properly transferred.  Samples will be 
transferred to the selected analytical laboratory on an as-needed basis via a 
recognized, reliable courier service. 

• Within the laboratory, chain-of-custody procedures will be followed 
to document the integrity and security of the samples, as well as the 
sample paths and locations within the laboratory.  Upon receipt of the 
samples, the LSC will follow these procedures: 
 

 Check for custody seals and ensure that they were placed at two 
locations on the outside of the shipping container. 

 Date and sign chain-of-custody forms and any other documents 
using full signature. 

 Open each cooler, place a thermometer inside the temperature 
blank until the temperature stabilizes, and record the cooler’s 
temperature on the sample analysis form. 

 Remove all sample containers from coolers and check for 
breakage. 

 Compare sample identifications and number of bottles to the chain-
of-custody form. All discrepancies in chain-of-custody procedures 
(e.g., analysis requested, number of bottles, etc.) will be recorded.  
If required, the CQAM will be notified to resolve problematic 
sample receipt issues. 

 Complete a cooler receipt form and submit along with the final 
data report.  The laboratory shall also provide the completed, 
original chain-of-custody to ARRC for inclusion in their evidence 
files. 

 Log samples into the laboratory database system.  Record date and 
time of sample collection, date received, turnaround time, name of 
person logging the job, client code, client project number and 
name, laboratory job number, number of jars, sample matrix, 
requested analyses, method of sample delivery, and the airbill 
number (if applicable).  The integrity of samples received 
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(including cooler temperature) will be logged on a cooler receipt 
checklist or a similar form, which will be kept in the project folder. 

 Log samples into the appropriate lab refrigerators.  Custody has 
been relinquished as soon as samples are logged into appropriate 
lab refrigerators for storage. 

For the laboratory to satisfy custody provisions, the following minimum 
procedures will be followed.  When not in use, samples will be stored within 
the secured laboratory facility or in a locking storage facility where access is 
limited to the LSC and other key laboratory personnel.  Transfer of the 
samples in and out of storage areas will be documented with an internal 
custody log-in/log-out form or laboratory tracking sheets.  Analysts will 
maintain possession of samples and return samples to secured storage before 
the end of each working day, recording custody on the appropriate forms. 

Internal chain-of-custody records will be retained by the laboratory and are 
the responsibility of the LPM.  The original field-to-laboratory chain-of-
custody record will be included in the final data report deliverable to ARRC. 

Once all analytical work has been completed and the data report submitted by 
the lab, samples and extracts will be transferred from cold storage to a sample 
archiving area where they will be stored until after submittal of the monthly 
progress report in which the data are included, unless ARRC provides other 
written instructions.  Custody will be maintained in the long-term storage area 
and upon ultimate disposition, samples will be logged out and the disposition 
recorded. Disposal will be in accordance with local, state, and federal landfill 
and wastewater regulations. 

2.4 Analytical Method Requirements 
The contracted laboratory, and any subcontractors, will implement project-
required SOPs for sample preparation, cleanup, and analysis.  These SOPs 
will be based on SW-846, Update III (U.S. EPA, 1997).  These SOPs will be 
kept on file at the contracted laboratory.  SW-846 Update III methods are kept 
on file at RETEC’s office in Fort Collins, Colorado, and at the respective 
laboratories. 

Documentation of appropriate method performance for the project target 
compounds will be available from the selected laboratory and will include the 
criteria for acceptance, rejection, or qualification of data.  The laboratory is 
also required to periodically update method performance data such as control 
limits and method detection limits.  Minor changes such as these will be 
communicated to ARRC but will not be subject to approval provided that 
method criteria continue to be met. 
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The use of non-standard methods is not anticipated for this program. 
However, if methods other than those specified in the QAPP are to be used, 
the following procedure must be completed before using the non-standard 
method.  A copy of the proposed method, including a table detailing the 
differences in the method, the expected precision and accuracy, and an 
explanation for the change must be reviewed and approved by the signatories 
on this document.  The CPM or designee will be responsible for obtaining 
these approvals. 

Corrective action in the analytical laboratory may be required due to 
equipment malfunction, failure of internal QA/QC checks, method blank 
contamination, noncompliance with QA requirements, or failure of 
performance or system audits. When measurement equipment or analytical 
methods fail QA/QC checks, the problem will be immediately brought to the 
attention of the appropriate persons in the laboratory, in accordance with the 
laboratory’s SOPs.  If failure is due to equipment malfunction, the equipment 
will be repaired, precision and accuracy will be reassessed, and the analysis 
will be re-run.  Attempts will be made to reanalyze all affected parts of the 
analysis so that, in the end, results are not affected by failure of QA 
requirements. 

All incidents of QA failure and associated corrective action will be 
documented and reports will be placed in the appropriate project file  
(Section 3).  Also, corrective action will be taken promptly for deficiencies 
noted during spot-checks of raw data.  As soon as sufficient time has elapsed 
for corrective action to be implemented, evidence of correction of deficiencies 
will be presented. 

The laboratory will screen all samples for VOC analysis by gas 
chromatography/mass spectrometry (GC/MS) to avoid excessive sample 
dilution and to minimize the effects of sample matrix.  Screening results will 
help to determine whether samples will be analyzed as low- or medium-level 
concentration samples.  The screening procedure will also indicate an 
appropriate sample dilution level, if necessary.  Sample cleanup procedures 
may be authorized for semi-volatile organic compound analysis by GC/MS to 
avoid excessive sample dilution and to minimize the effects of sample matrix.  
The laboratory should make every attempt to report analytical results for all 
methods as close to standard reporting limits as possible. Samples reported at 
diluted levels must report positive results for at least one target analyte within 
the analytical method, or be reanalyzed at a more appropriate level of dilution 
at no cost to the client.  The laboratory will need to take extra care to avoid 
holding time conflicts for samples requiring reanalysis due to excessive 
sample dilution.   

Samples to be analyzed for total metals usually require some sort of sample 
preparation to remove interferences and to convert the sample to a form that is 
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amenable to analysis on the instrument. The U.S. EPA digestion procedures 
for total metals do not usually provide for complete digestion of samples.  
Metals that are tightly bound in the matrix of soil and sediment particles will 
not be measured. 

2.5 Quality Control Requirements 
This section details the measurement checks required to meet the DQOs for 
this project. 

2.5.1 Field QC Requirements 
Laboratory analysis of field duplicates and field blanks will assess the 
precision and accuracy of field sampling techniques.  The ratio of duplicate 
samples to field samples is one duplicate sample to every 20 field samples 
collected of each matrix (i.e., 1:20), or a minimum of one per sample matrix. 
Field/equipment blanks will be collected at a minimum frequency of one per 
20 samples of each matrix.  Trip blanks will accompany all shipments 
containing samples for analysis of VOCs.  QC samples will be collected in 
accordance with the applicable sampling procedures presented in Section 6.3 
of the NBAWP (RETEC, 2004).  

The QC procedures for measuring pH, oxidation-reduction potential (ORP), 
conductance, and temperature in groundwater samples will include calibrating 
the instruments. 

2.5.2 Laboratory QC Requirements 
This section describes the general QC procedures inherent to the laboratory 
QA program. 

All analytical procedures will be documented in writing as SOPs, with each 
SOP including a QA section that addresses the minimum QC requirements for 
the procedure.  Certain QC requirements are matrix- or method-specific, but 
in general, the QA program must include the following: 

• Instrument calibration 

• Preparation and analysis of reagent/preparation blanks 

• Analysis of instrument and/or method blanks 

• Preparation and analysis of MSs and MSDs 

• Preparation and analysis of surrogate spikes 

• Analysis of laboratory duplicates for inorganics 
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• Preparation and analysis of laboratory control samples and 
standards 

• Identification of internal standard areas and control limits for 
GC/MS analysis 

• System performance checks for both organic and total metals 
analyses 

An analytical batch is defined as 20 samples or less of the same type of 
matrix, prepared and analyzed as a group.  The following analytical QC 
samples will be associated with each batch if the control procedure is 
applicable to the analysis. 

2.5.2.1 Method Blank 
A reagent or media blank will be analyzed as a check on laboratory 
contamination (glassware, reagents, analytical hardware, etc.) that might 
affect analytical results.  A sample consisting of laboratory reagent-grade 
water (distilled and deionized water) or a solid matrix will be analyzed to 
monitor the analytical instrument for contamination.  The method blank is 
processed through the entire analytical procedure, including sample 
preparation. The results are used in conjunction with other control data to 
validate overall system performance and identify bias that may impact data 
quality. Method blanks must be analyzed per SW-846 for applicable analyses, 
at least once with each analytical batch, with a one in 20 sample minimum. 

2.5.2.2 Laboratory Control Samples  
Independently prepared check samples will be processed through the entire 
analytical procedure.  The purpose of these samples is to monitor and assure 
the accuracy of the procedure in the absence of matrix interference.  Results of 
the LCS are charted and must meet acceptance criteria. Laboratory control 
samples must be analyzed per SW-846 for applicable analyses, at least once 
with each analytical batch, with a one in 20-sample minimum.  

2.5.2.3 LCS Duplicates  
Independently prepared check sample duplicates will be processed through the 
entire analytical procedure.  The purpose of the LCSD is to assure the 
precision of the procedure in the absence of matrix interference.  Precision 
results in RPD are tabulated and charted.  The RPD equation is given in 
Section 2.5.2.5.  Laboratory control sample duplicates must be analyzed per 
SW-846 for applicable analyses, at least once with each analytical batch, with 
a one in 20-sample minimum.  
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2.5.2.4 Matrix Spikes  
An aliquot of a sample will be spiked with a known amount of selected 
analyte(s). Percent recoveries of the selected spiked analytes are tabulated by 
subtracting the non-spiked concentration from the spiked sample results.  
Results are used to assess accuracy in specific matrices. Matrix spikes must be 
analyzed per SW-846 for applicable analyses, at least once with each matrix-
specific analytical batch, with a one in 20 sample minimum. 

Percent recovery is calculated as follows: 

 
( )

100%
2

01 ×
−

=
C

CC
R   [2] 

Where: 

%R = Percent  recovery 
C1 = Measured concentration in spiked sample aliquot 
C0 = Measured concentration in unspiked sample aliquot 
C2 = Actual concentration of spike added 

2.5.2.5 Duplicate Samples or Matrix Spike Duplicates  
MSDs will be analyzed to monitor the method precision. Results in RPD are 
tabulated and charted. The RPD calculation (for two samples, C1 and C2) is 
shown below.  For analytical methods in which spiking is not applicable, 
sample duplicates are used to assess precision. Duplicates or matrix spike 
duplicates must be analyzed per SW-846 for applicable analyses, at least once 
with each matrix-specific analytical batch, with a one in 20-sample minimum. 
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Where: 

RPD = Relative percent difference 
C1 = Larger of the two observed values 
C2 = Smaller of the two observed values 

 100×=
Mean

DeviationStandardRSD  [4] 

2.5.2.6 Performance Evaluation Samples 
Known concentration samples may be analyzed quarterly in a commercially 
administered or internal double blind audit initiated by the LQAM.  
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Descriptions of the specific QC requirements of this project and the required 
frequency of audit are presented in the laboratory’s SOPs, which are kept on 
file at the contracted laboratory. 

The laboratory’s QA program will be reviewed by the CQAM with specific 
emphasis on the acceptance criteria for QC samples, and on related corrective 
action should the QC criteria not be met.  Acceptance criteria and corrective 
action consistent with SW-846 Update III method criteria will be deemed 
acceptable for this investigation.  Alternatively, a laboratory QA program 
incorporating acceptance criteria and corrective action comparable to that 
presented in Tables 2-1 and 2-2 will be implemented to identify laboratory 
procedures that are not in control, and ensure that appropriate measures are 
taken.  

All data obtained will be properly recorded.  The required laboratory report 
and EDD format is detailed in Section 1.5.2 and/or Table 1-1.  The laboratory 
will reanalyze samples not handled or analyzed in conformance with the QC 
criteria, if sufficient sample volume is available.  It is expected that sufficient 
volumes/weights of samples will be collected to allow for re-analysis when 
necessary. The data package submitted by the laboratory will include a full 
deliverable package capable of allowing the recipient to reconstruct the 
analytical sequence and compare it to the QC criteria, if requested. 

2.5.3 Instrument/Equipment Testing, Inspection, and 
Maintenance Requirements 

The primary objective of an instrument/equipment testing, inspection, and 
maintenance (TIM) program is to help ensure the timely and effective 
completion of a measurement effort by minimizing the downtime of crucial 
sampling and/or analytical equipment due to expected or unexpected 
component failure. 

TIM will be carried out on all field and laboratory equipment in accordance 
with manufacturers’ recommendations and professional judgement.  
Analytical laboratory equipment preventative TIM will be addressed in the 
laboratory’s QA Manual, which will be kept on file at the contracted 
laboratory. 

Preventative TIM will be implemented on a scheduled basis to minimize 
downtime and to ensure accurate measurements from both field and laboratory 
equipment. This program is designed to achieve results commensurate with 
the specified capabilities of equipment operation, thus generating data of 
known quality without concern for misapplication.  In addition, backup 
equipment and critical spare parts will be maintained to quickly correct 
equipment malfunction. 
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All equipment and instruments used to generate data will be calibrated, 
adjusted, and maintained to operate within manufacturers’ specifications and 
SOPs. Maintaining the necessary accuracy, precision, sensitivity, and 
traceability of the equipment ensures that reliable measurements and 
representative samples will be obtained.  Methods and intervals of calibration 
and maintenance will be based on the type of equipment and stability 
characteristics:  required accuracy, intended use, and environmental factors 
(e.g., temperature and humidity).  Such an effort will be conducted by trained 
technicians using service manuals or through service agreements with a 
qualified maintenance contractor.  In addition, procedures will ensure that 
trained personnel use the equipment properly. 

As appropriate, schedules and records of calibration and maintenance will be 
maintained for the equipment in the field notebook.  To minimize equipment 
damage, theft, and tampering, both equipment and equipment records will be 
located in a controlled access facility when not in use.  Each instrument will 
be assigned a unique identification number to document and track usage, 
maintenance, and calibration.  Equipment that is out of calibration or is 
malfunctioning will be removed from operation until it is recalibrated or 
repaired. 

2.5.4 Instrument Calibration and Frequency 
Measuring and test equipment (M&TE) used during environmental data 
collection activities will be subject to calibration requirements.  These 
requirements are summarized below: 

• Identification. Either the manufacturer's serial number or the 
calibration system identification number will be used to uniquely 
identify M&TE.  This identification, along with a label indicating 
when the next calibration is due, will be attached to the equipment. 
If this is not possible, records traceable to the equipment will be 
readily available for reference. 

• Standards. M&TE will be calibrated, whenever possible, against 
reference standards having known valid relationships to nationally 
recognized standards (e.g., National Institute of Standards and 
Technology) or accepted values of natural physical constraints.  If 
national standards do not exist, the basis for calibration will be 
described and documented. 

• Frequency. M&TE will be calibrated at prescribed intervals and/or 
prior to use. Frequency will be based on the type of equipment, 
inherent stability, manufacturers' recommendations, values given 
in national standards, intended use, and experience.  All sensitive 
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equipment to be used at the project site or in the laboratory will be 
calibrated or checked prior to use. 

• Records. Calibration records (certifications, logs, etc.) will be 
maintained for all M&TE used on the project. 

If M&TE are found to be out of calibration, an evaluation will be made and 
documented to determine the validity of previous measurements and/or 
corrective action will be implemented.  All laboratory calibration 
requirements must be met before sample analysis can begin.  If calibration 

be reanalyzed under compliant 

2.5.4.

ecific instructions on the calibration frequency, the 
acceptance criteria and the conditions that will require more frequent 

performing the calibration, reference standard 
used, temperature at which readings were taken, and the readings. Multiple 

ings on replicate samples, 

2.5.4.
Calibration procedures for a specific laboratory instrument are detailed in 

initial calibration verification (ICV) and 
continuing calibration verification. 

alibration factors are

nonconformances are noted, samples will 
calibration conditions within method specified holding times. 

1  Field Instrument Calibration 
Field instruments will be calibrated as described in the NBAWP (RETEC, 
2004).  Instruments that may be used during the fieldwork include a pH meter, 
potentiometer for ORP measurement, conductivity meter, and a dissolved 
oxygen (DO) meter. For sp

recalibration, refer to the manufacturer’s instructions and Section 6.2.3 of the 
NBAWP (RETEC, 2004). 

All the calibration procedures performed will be documented on specified 
field forms and/or in the field notebook, and will include the date/time of 
calibration, name of person 

readings on one sample or standard, as well as read
will likewise be documented. 

2 Laboratory Instrument Calibration 

laboratory SOPs and will consist of 

C  as:  calculated

 
M
ACF =  [5] 

Wh

CF = calibration factor 
A   = area of the analyte peak 
M  = mass of target analyte injected 

 

ere: 
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If necessary, a correlatio

 

n coefficient is calculated as: 

( ) ( )( )
( ) ( )[ ] ( ) ( )[ ]2222 yynxxn Σ−ΣΣ−Σ

yxxynr ΣΣ−Σ
=  [6] 

Wh

y  =  instrument response (peak area) 
n  =  number of calibration points (x, y data pairs) 

ific laboratory instrument 
will be referenced in the appropriate SW-846 Update III (U.S. EPA, 1997) or 

 the conditions that 
will require recalibration. In all cases, the ICV will be verified using an 

: instrument identification, serial number, 
date of calibration, analyst, calibration solutions run, and the samples 

2.5.5 irements for 

mables.  The procurement program is intended to assure that the 
supplies purchased for this project meet the required quality criteria of this 

Field supplies include the following items: 

• Decontamination Reagents and Supplies 

 

ere: 

x  =  calibration concentration 

 

A description of the calibration procedures for a spec

ASTM method, and the applicable laboratory SOP. 

The SOP for each analysis performed in the laboratory will describe the 
calibration procedures, frequency, acceptance criteria, and

independently prepared calibration verification solution.  

The laboratory will maintain a sample logbook for each instrument which will 
contain the following information

associated with these calibrations. 

Inspection/Acceptance Requ
Supplies and Consumables 

This section describes the requirements for the procurement of supplies and 
consu

plan. 

• Gloves 
• Deionized or Distilled Water 
• Solvents/Detergent 

• Field Equipment Calibration Standards 

The procurement of these items will be documented by a purchase order 
process. The purchase order will specify the manufacturer and the suitable 
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grade of material.  The CFTL will be responsible for material procurement 
and control. The CFTL will verify upon receipt that materials meet the 
required specifications and that, as applicable, material or standard 
certification documents are provided and maintained.  The CFTL will also 
verify that material storage is properly maintained and contamination of 

Laboratories contracted for this project must have procedures that are 
doc e

• Checking purity standards, reagent grade water, and other 
ded use 

ropriate grade for the analysis.  Records of these 
terial will be maintained on file at the 

2.6 

 thorough, 
Contract Laboratory Program 

prior to using or distributing the data.  

2.6.1

 process.  Both field and laboratory data reduction procedures are 
summarized.  Responsibilities for the data
foll

• The LQAM will be responsible for ensuring that data reduction is 
performed according to protocols discussed in this QAPP. 

materials is not allowed. 

um nted and followed that cover the following: 

chemicals, as appropriate, versus inten

• Preparation and storage of chemicals 

• Requirements for disposable glassware (grade and handling) 

For this project, the LPM or designee will be responsible for procuring and 
shipping the appropriate sample containers and preservatives to the sampling 
site. The containers will be precleaned and certified by lot.  Reagents provided 
will be of the app
certifications and grades of ma
laboratory. 

Data Management 
All hardcopy and electronic data generated through field activities or by the 
laboratory operation will be reduced and verified prior to release to the 
CQAM.  The CQAM or his/her designee will then perform a
independent data validation according to the 
(U.S. EPA, 1999 and 2001) 

 Data Reduction 
This section summarizes the procedures for ensuring the accuracy of the data 
reduction

 reduction process are delegated as 
ows: 

• Technical personnel will document and review their own work and 
are responsible for the accuracy of the work. 

• Calculations will receive a method and calculation check by a 
secondary reviewer prior to reporting (peer review). 
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2.6.2 Hand Calculations 
Hand calculations will be recorded on calculation sheets, written legibly and 
in a logical progression.  Calculations will be reviewed by an engineer or 
scientist of a professional level equal to or higher than that of the originator.  
The secondary reviewer will sign and date the calculation sheet immediately 
below the originator. Both the originator and secondary reviewer are 
responsible for the correctness of the calculations.  The calculation sheet will 
document the following (at a minimum): 

• Promoting safe work practices among the work crew 

• Project title and number or laboratory sample identification 
number 

• Initials and date of originator 

• Initials and date of secondary reviewer 

• Basis for calculation 

• Assumptions made or assumptions inherent in the calculation 

• Complete reference for each source of input data 

• Methods used for calculation 

• Results of calculation 

Some laboratory instruments are configured to operate without computers. For 
these, the signal is recorded as a strip chart trace, numerical output on a printer 
strip, or direct reading from a digital or analog dial.  In such cases, additional 
work is required by the analyst to reduce the data to a reportable format.  The 
original signal must be multiplied by a calibration factor or compared with a 
standard curve.  The aliquot result must be divided by the mass or volume of 
sample to produce a concentration-based final result.  Most calculations are 
carried out on hand-held scientific calculators; simple programs are used for 
some.  All of these data are recorded in a dedicated lab notebook or bench 
sheet for the particular determination in question.  Results for single or 
multiple component tests are hand entered by the analyst in the assigned book. 

2.6.3 Computer Calculations 
Data reduction calculations used for this project are typically included on the 
standard reporting forms developed by the laboratories and associated with 
each individual method or groups of methods.  Calculations not present on 
standard reporting forms include computer-based data reduction programs. 
The laboratory is responsible for maintaining a list of these data reduction 
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programs and for being able to demonstrate their validity.  The complete 
calculation procedures used in computer-based data reduction programs (e.g., 
GC/MS analyses) are based on the calculation procedures specified in each 
method and will not be covered here. 

lations.  The calculation sheet will document the 
following (at a minimum): 

• title and number or laboratory sample identification 
number 

• Initials and date of originator 

 calculation 

urce of input data 

lation 

2.6.4

 forms to determine whether errors were 

will be summarized in tables included within monthly 

Spreadsheet calculations will be printed out in both equation form and 
calculation form.  All equations will be reviewed by an engineer or scientist of 
a professional level equal to or higher than that of the originator.  The 
secondary reviewer will sign and date the calculation sheet immediately below 
the originator.  Both the originator and secondary reviewer are responsible for 
the correctness of the calcu

Project 

 

• Initials and date of secondary reviewer 

• Basis for calculation 

• Assumptions made or assumptions inherent in the

• Complete reference for each so

• Methods used for calcu

• Results of calculation 

 Field Data Reduction 
Field data records will, wherever possible, be organized into standard formats. 
Data from the project field notebook and field forms will be retained in 
permanent files and/or input to summary tables and databases to reduce data. 
The CFTL will review and proof all
made during field documentation.    

Tables and databases will be stored on an internal fixed disk, with daily 
backups at the consultants' offices.  Field data will be reported through 
preparation and transmission of report sheets containing tabulated results of 
measurements made in the field, and documentation of all field activities. 
Pertinent results 
progress reports. 
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2.6.5

ronic data reports, and EDDs generated by the laboratory will 
undergo internal data verification by the LQAM or designee before being 
rele  will perform three levels of data 
ver

 0 percent 

QAM.  Raw and 
fina a r 
flex e s 
may also be used to calculate test results: 

e maintained for each instrument.  Computer 
ile identification will readily allow retrieval by the client name.  Work 

 Laboratory Data Reduction 
The laboratories will follow the data reduction and calculation procedures set 
forth in U.S. EPA-approved methods and 40 CFR Part 136.  Hardcopy data 
reports, elect

ased to the CQAM. The laboratory
ification: 

• Analytical level 
• Second level technical review 
• Final LPM review 

Automated data calculation and reduction, using instrument data system 
software or electronic spreadsheet software will be used by the laboratory to 
the greatest extent practical.  Analyses will be programmed to allow for raw 
data entry and editing at the keyboard, with integrated software performing 
calculations and permanent database generation.  Data-entry errors will be 
checked by comparing the raw data printouts against the chemist's original 
work, minimizing the common sources of error in data reduction.  After QC 
summary and hardcopy data verification is complete, 100 percent of the 
electronic data will be checked against the final hardcopy data report.  Data 
verification of 100 percent EDD data to hardcopy data is required for the first 
three data reports issued by the laboratory that consistently show
error.  After this is achieved, 10 percent EDD data to hardcopy data 
verification will be required for all subsequent data reports issued, as long as 
direct download of sample results from instrument to EDD is done. 

These data reviews must be completed by the LQAM or designee and 
approved by the LPM before data is finalized.  The final hardcopy or 
electronic data report and the EDD are then released to the C

l d ta will be stored on internal fixed disk, with either magnetic tape o
ibl  disk as backup at the laboratory.  One of the following procedure

• Data from simple analytical procedures, such as titration 
procedures, are converted into final form by means of a 
spreadsheet program. 

• All GCs must be equipped with programmable data systems that 
generate results in units ready for review by a laboratory 
supervisor. 

Instrument logbooks will b
record f
sheets and spreadsheets will be prepared using an electronic spreadsheet or 
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related software package.   
 

Raw data from the chemists' notebooks or bench sheets will include all 
icates, blanks, standards, and 

2.6.6
ent performance 

standard results to required control limits.  Technical verification is conducted 
thro  
or designee and LPM.  No data will be released to the CQAM prior to the 
completion of these data verification procedures.  The following QC elements 
wil for a full verification effort: 

both hand entered and direct instrument 

n 

nt calibration 

s 

ards (tunes) 

• 

 

MSD recoveries, LCS/LCSD recoveries, 
and surrogate recoveries) 

• Analytical precision (comparison of duplicate, LCSD, and MSD 
s RPD) 

• Compound identification 

analytical variables compiled for samples, repl
matrix spikes. The LQAM or designee will review all final results and EDDs. 
The LPM will approve submittal of the final data report and EDD after 
internal review. 

 Laboratory Data Verification  
Technical verification requires comparison of QC and instrum

ughout the analytical process, first by analysts, and finally by the LQAM

l be reviewed (as appropriate) 

• EDD comparison of 
download of data to final data reports 

• Analytical holding times 

• Blank contaminatio

• Initial instrument calibration 

• Continuing instrume

• Internal standard

• System performance stand

• Interference checks 

Serial dilutions 

• Chain-of-custody review 

• Analytical accuracy (MS/

results, expressed a
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• Compound quantitation and reported detection limits 

• Target analyte list 

Transcription and calculation checks will be performed at a frequency of 10 

2.6.7

ta report or EDD, which are requested by the CQAM, 
shall be provided by the laboratory within 3 business days of the request. The 

t provided as Table 1-2, or a similar form. 
Independent data validation will be conducted by the CQAM or his/her 

data validation requirements, as 

2.6.8
A relational database management system (EQuIS) will be used for this 

w. 

percent. When an error is noted, 100 percent of the calculations and 
transcriptions for that data set will be verified. 

 Independent Data Validation 
To submit final data reports, they must be complete and have sufficient 
quality to undergo the appropriate level of data review by an independent 
validator. Incomplete data reports will not be accepted and will be returned to 
the laboratory for correction.  EDDs are compared 100 percent to the sample 
data and QC summaries submitted by the laboratory.  The CQAM compares 
EDDs to the data submitted and corrects any minor errors directly in 
laboratory data reports or EDD files after verifying with the laboratory which 
entry is correct.  If major errors are found, the CQAM will reject the reports or 
EDDs, and the laboratory will be obligated to correct and resubmit them.  If 
errors are found, the laboratory will provide a corrected data report.  
Corrections to the da

combined data records will be sufficiently detailed to provide complete and 
accurate history of data gathering and results for future legal or administrative 
actions, if necessary. 

The independent data validation process assures technical data quality and 
method compliance; provides precision, accuracy, and completeness 
assessments; verifies that adequate analytical documentation was performed 
and reported; determines whether the analytical data are usable; and helps the 
data user to determine whether project DQOs were met.  Laboratory data will 
be evaluated for compliance with DQOs by the CPM, CQAM, or their 
designee using the checklis

designee.  Procedural requirements and 
described in this QAPP, will conform to the guidelines presented in the CLP 
(U.S. EPA, 1999 and 2001). 

 Data Management System 

project to store field and laboratory data.  The two major types of data to be 
managed are chemical testing results and field monitoring data. Procedures for 
managing these data sets are described belo
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The s ill be stored in an EQuIS 
database specifically created for this project.  The information compiled for 
the 

• Sampling date and time 

• Station identification, sample identification 

n qualifiers, and detection 

ED  istry data will be supplied by the laboratory, 
accordi nd included in the project 
data s

The e nclude: 

• Monitoring well reference point elevations 

sary 

2.6.9

.  Field monitoring information from each 

s of receipt of all data from the 

 re ults of the laboratory chemical analyses w

chemical analysis results will include: 

• Field QA/QC sample identification and duplicate sample cross-
reference identification 

• Sample matrix 

• Analytical laboratory/analytical method date of analysis 

• Constituents, results, units, data validatio
limits 

Ds of the laboratory chem
ng to the required EQuIS 4-file format, a

ba e. 

 fi ld monitoring information may i

• Location identification 

• Depth to water 
• pH, conductivity, temperature, ORP, and DO 
• Date and time of measurement 
• Computed groundwater elevation 
• Other field data, as neces

 Database Maintenance 
Database maintenance involves a set of specific procedures by which each 
item of data is processed from the time it is logged in the field or laboratory to 
when it is issued as a report. 

Database Entry and Validation
sampling event or monitoring round will be entered into the database within 
two weeks following completion of field activities. Chemical data from each 
sampling event will be entered into the database after independent data 
validation by the CQAM within 30 day
laboratory.  

Field data, results received from the laboratory, and data validation qualifiers 
will be entered into the database.  Prior to database entry of chemical data, 
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100 percent of the laboratory EDD will be checked against the laboratory data 
report by the CQAM or his/her designee.   

Security.  The project database will be protected to prevent unauthorized 
access and use.  Database modifications will only be made by authority of the 
database manager. Additionally, the database will be password protected so 
only authorized personnel can access the data.  The database will be 
maintained on the RETEC server, which is backed up daily.   

Retrieval and Transfer of information.  Data tables of laboratory analytical 
results will be produced using the capabilities of EQuIS.  Raw data or 
summaries will be produced.  Data can be provided on computer disk and/or 
as printed reports.  All data tables will be checked 100 percent for accuracy 
against final laboratory reports. 
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3 Project Quality Assessment/ 
Oversight Program 
A series of reports will be prepared throughout the course of the project to 
describe the status and results of the QA process.  These include reports on: 

• Measurement system performance and data quality audit findings 
and corrective action measures 

• Technical and, if necessary, management system audit findings and 
corrective action measures 

• Laboratory progress  

• Final laboratory QA 

• Quarterly project progress 

The Project Quality Assessment/Oversight Program will be managed by the 
CTL. All audit findings will be transmitted to the ARRC Project Manager and 
CPM.  A summary of data quality and the results of checking the control 
sample data against DQOs will be presented in the final report presenting and 
summarizing the data gathered. 

3.1 Assessment and Response Actions 
To verify compliance with QAPP requirements, the CPM, CQAM and/or 
CFTL will perform or designate performance of planned and documented QA 
audits. Audits will consist of an evaluation of SOPs and the effectiveness of 
their implementation, an evaluation of work areas and activities, and a review 
of project documentation.  This approach will be used to review actual project 
performance during its course and across all operations and levels of 
management.  Specifically, audits will be conducted for both field and 
laboratory operations to assess the accuracy of the measurement systems and 
to determine the effectiveness of QC procedures. 

Audits will be scheduled in a manner to provide coverage and coordination 
with all ongoing project activities.  Scheduling and frequency of audits will 
include consideration of the following: 

• Complexity of the work assignment 
• Project or task scope and duration 
• Degree of QC specified 
• Criteria to achieve DQOs 
• Deliverable requirements 
• Subcontractor participation 
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• Importance of the expected data for management decisions 
• Potential for or frequency of nonconformance 
• Previous audits findings 
• Nonconformance and corrective action reports 
• Additional applicable information 

Auditors will be independent of any direct responsibility for performance of 
the activities that will be audited.  Audits will be performed in accordance 
with written procedures or checklists as early in the life of the task or work 
activity as practical. Activities that have been selected for auditing will be 
objectively evaluated against the specific requirements for the activity, 
including methodologies, procedures, instructions, and record keeping.  
Documents and records will be examined to the extent necessary to determine 
whether the QA program is effective and properly implemented. 

The CPM will have primary responsibility for coordinating audits and the 
authority to delegate certain audit functions to technical specialists, as 
necessary. For complex or highly specialized tasks, senior technical specialists 
will be assigned portions of an audit, as necessary.  The CPM, CQAM, CFTL, 
or their selected technical specialists will all be familiar with the technical and 
procedural requirements of both the field and laboratory operations, and the 
associated QA plans.  In addition, auditors will not be directly involved with 
the audited work tasks, so that bias is not introduced into the auditing process. 

Audit reports will include the following information (as appropriate): 

• Description of the audit scope 

• Name of the auditor(s) 

• Audit notification 

• Identification of persons contacted during audit activities 

• Summary of audit results, including the effectiveness of the QA 
program elements that were audited 

• Descriptions of each reported audit finding in sufficient detail to 
enable corrective action to be taken by the audited organization 

• Audit completion notification 

A copy of each audit report will be given to the ARRC Project Manager and 
CPM.  The management of the audited organization or activity will investigate 
audit findings, determine the cause of the condition identified in the finding, 
schedule corrective action (including measures to prevent recurrence), 
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evaluate the impact of the finding on completed work, and notify the CPM or 
CQAM in a written report of action taken or planned.  The CQAM will 
evaluate the adequacy of audit responses.  Follow up action will be taken, as 
necessary, to verify whether corrective action is accomplished as scheduled. 

approved procedures.  Nonconformances 
may be detected and identified by: 

• f 
contractors, or preparation and verification of numerical analyses 

• ce of 
laboratory testing, calibration of 

sponsible for verifying and documenting completion of the 

3.1.1

ation rinsates at a rate of 5 percent of 
ted. 

3.1.2

Nonconforming items and activities are those that do not meet project 
requirements, contract criteria, or 

Project Staff.  During field investigation and testing, supervision o

Laboratory Staff.  During the preparation for and performan
equipment, or QC activities 

• QA Staff.  During audit, inspection and/or surveillance activities 

Formal documentation of nonconforming items will be forwarded to the CPM. 
Individuals or groups responsible for the audited activities will be notified, 
nonconformances evaluated, and appropriate corrective action taken.  After a 
nonconforming item or activity has been identified, documented, and 
dispositioned, corrective action will be determined, performed, and verified. 
The laboratory department or field crew responsible for the activity being 
performed will initiate and complete the corrective action.  The CPM, CQAM, 
or CFTL will be re
corrective action. 

 Performance Audit 
A performance audit will be used to determine the status and effectiveness of 
both field and laboratory measurement systems.  An independent check will 
be made to obtain a quantitative measure of the quality of data generated.  For 
laboratories, this involves the use of reference material or performance 
evaluation samples. These samples have known concentrations of 
constituents; results are evaluated in relation to the DQOs presented earlier in 
Section 1.  Performance audits will be conducted following laboratory 
analysis of the control samples. Field performance will be evaluated using 
field blanks and equipment decontamin
the total number of samples collec

 Data Quality Audit 
A data quality audit will be conducted to document and assess the 
effectiveness of the data collection (field) and generation (laboratory) 
processes.  In particular, the data assessment parameters will be calculated 
from the results of the laboratory analysis to determine whether the DQOs of 
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this QAPP were met.  The data quality audit will be conducted following 

3.1.3

udit will be 
conducted once for the laboratory operation and once during each phase of 

contract requirements, and will be performed at a minimum of 
one time per field or laboratory task.  Observations and nonconformance 

 QA program, it may be appropriate to determine 
whether the laboratory is adequately performing the functions as defined in 

Activities selected for audit will be evaluated against specified requirements 
and will include an objective evaluation of the methodology.  Typical items 
rev lude: 

laboratory analysis of the appropriate control samples. 

 Technical Systems Audits 
A technical system audit will be used to confirm the adequacy of the data 
collection (field) and generation (laboratory) systems.  This audit will be 
conducted on site to determine whether the QA plans and SOPs are properly 
implemented during the project.  The technical systems a

field work.  These audits will be performed by the CPM and CQAM or their 
designees with notification given to the ARRC project manager. 

A surveillance-type of technical system audit will be used to document 
compliance during a given time for one specific area of review, rather than the 
entire project. Surveillance activities will be conducted at the direction of the 
CPM, CQAM, or CFTL.  The surveillance will be performed by an individual 
designated by the CPM, CQAM, or CFTL and trained in this QAPP who is 
not directly involved in the procedures being checked at the time of the 
surveillance.  Surveillance audits will use checklists containing key items 
specified in this QAPP related to sampling methods (including collection, 
containers, and preservation); chain-of-custody; sample tracking shipment 
documentation; sample labeling QC methodology; pre-field activities; 
equipment decontamination, maintenance, and calibration; post-field 
activities; sampling documentation and other field activity logs; field team 
briefing; and equipment check-in and recalibration, regulatory requirements, 
and general 

issues will be documented on the checklist accompanied by reports, as 
appropriate. 

Laboratory audits will be conducted internally by the LQAM.  External audits 
by the CQAM may be performed depending upon the selected laboratories 
certification status and project specific performance. Internal laboratory audits 
will conform to procedures set forth in the laboratory Quality Assurance 
Manual.  External laboratory audits will conform to the Resource 
Conservation and Recovery Act (RCRA) Laboratory Audit Inspection 
Guidance Document (U.S. EPA, 1988). After sufficient time has elapsed for 
implementing the laboratory

their QA program.  Follow-up audits may occur to verify implementation of 
required corrective actions. 

iewed during a laboratory audit inc
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• Documentation of the QA Program 
• Results of proficiency testing 
• Consistency of test procedures with current methods 

ll test procedure modification 
ndards 

urity 

ntenance 
data and calculations 

• Record retention systems 

ctive actions 

olved, this form is kept in a project folder and filed in the QA 

 by management is necessary before 
 affected data must be thoroughly 

3.2 
ts will be 

prepared by the CQAM or designee and will be provided to all data users 
when the data sets are approved for entry into the project database. 

• Documentation of approval for a
• Proper storage and labeling of reference sta
• Glassware cleaning procedures 
• Documentation of laboratory water p
• Proper sample storage and chain-of-custody 
• Records of instrument mai
• Traceability and supervisor review of 

• Provisions for confidentiality of data 

Corrective action will be undertaken when QC data fail to meet the prescribed 
limits or when the overall quality of the project is suspect.  Corre
will be determined based on the nature and severity of the problem. Generally, 
repeat measurements and/or sample preparation will be required. 

Corrective action procedures are often handled at the bench level by the 
analyst, who reviews the preparation or extraction procedure for possible 
errors, checks the instrument calibration, spike and calibration mixes, 
instrument sensitivity, and so on.  If the problem persists or cannot be 
identified, the matter is referred to the laboratory technical personnel or group 
leader, manager and/or QA department for further investigation.  Once 
resolved, full documentation of the corrective action procedure is filed with 
the QA department by means of a Nonconformance Memo or similar form.  
Once res
department.  Corrective action documentation is routinely reviewed by the 
LQAM. 

Corrective action is dictated by the type and extent of the nonconformance. 
Corrective action may be initiated and carried out by non-supervisory staff, 
but final approval and data review
reporting any information.  All potentially
reviewed for acceptance or rejection. 

Reports to Management 
Data validation and any required data quality assessment repor
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4 Data Validation and Usability 
All sample results, QC summaries, raw data, and EDDs will be reviewed for 
precision, accuracy, and QAPP and method compliance by the laboratory 
prior to release of the data to the CQAM.  The CQAM (or his/her appointee) 
will also check these data for precision, accuracy, completeness, method 
compliance, and QAPP compliance as an independent validator.  These 
reviews, along with a review of data representativeness and comparability, 
performed by an active and knowledgeable project participant, will be used to 
make a determination regarding the usability of the data collected during this 
project.  Independent professionals with experience in validating data will 
validate all physical, chemical, and location data. 

4.1 Data Review, Verification, and Validation 
Requirements 
Laboratory analysts are responsible for reviewing calibration integrity, sample 
holding times, method compliance, and completeness of tests, forms, and 
logbooks.  A laboratory supervisor or the LQAM will verify completeness and 
method compliance, as well as raw data entry and calculations by analysts.  
The LQAM or designee will be responsible for checking each group or test 
data package for precision, accuracy, method compliance, compliance to 
special client requirements, such as target analyte lists, PQLs, methodology, 
and completeness. The LQAM or designee will also be responsible for 
checking 10-100 percent of the EDD against the final hardcopy data report, as 
described in Section 2.6.6.  The LD and LPM will be the final checks in the 
data process for both final data reports and EDDs. 

After laboratory release of the verified data report and EDD, data validation 
will be performed on laboratory analytical data by the CQAM or his/her 
designee. Precision, accuracy, completeness, and method compliance 
validation will be conducted by a person skilled in laboratory data validation 
but with limited site knowledge so as not to be influenced by site 
characteristics.  Data validation results will be reported to the CPM in the 
format shown on Table 1-2, or in a similar format.  A person with site 
knowledge will complete the representativeness and comparability validation. 

4.2 Data Validation Methods for Precision, 
Accuracy, Completeness, and Method 
Compliance 
The independent laboratory data validation for precision, accuracy, 
completeness, and method compliance will be conducted by the CQAM or 
his/her designee in accordance with the CLP (U.S. EPA, 1999 and 2001) as 
they apply to selected methods.  Data validation will include 100 percent QC 
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summary review, 100 percent EDD review, assessments of data precision, 
accuracy, completeness, compliance to special client requirements, and 
method compliance. 

Data validation will include 100 percent review of the following QC 
measurements as they apply to the analytical methods followed: 

• Detection limits and dilution factors  
• Holding times 
• Surrogates  
• Instrument, preparation, and method blanks  
• MS samples 
• Duplicates  
• Laboratory control samples 
• Instrument calibration and tuning  
• Internal standards  
• Interference checks 
• Reference standards 
• Serial dilutions  
• Preparation/Extraction logs 
• Run chronologies 

Other validation and assessment techniques include: 

• Chain-of-Custody review 
• 100 percent review of EDD to final data reports 
• Check of significant figures reported 

Data validation qualifiers, as defined in the CLP National Functional 
Guidelines for Organic and Inorganic Data Review (U.S. EPA, 1999 and 
2002) will be assigned and entered into the laboratory EDD by the CQAM 
prior to the EDD being incorporated into the project database. 

Evaluation of field data will be assigned by the CPM and will include 
reviewing project field notebook and tables or databases for transcription 
errors, and reviewing table and database reduction.   

4.3 Data Validation for Representativeness and 
Comparability 
The CPM will assign a person to perform independent data validation for 
representativeness and comparability, which will have several components: 

4.3.1 Basic Checklist 
A standard check for simple errors in data handling will inspect data for: 
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• Typographical (data entry) errors 

• Misplaced decimal points 

• Incorrect units of measurement 

• Detection limits parallel to dilution ratios 

• Confusion of zero values, no detectable contaminant, and “no 
sample taken” notations 

• Transposed “total,” “dissolved,” or “extractable” concentrations 

• Verification that all data are traceable to a location, date, and 
analytical technique 

4.3.2 Supportive Information 
Supportive information, such as the following, must be complete to properly 
interpret the data: 

• Documentation of sampling techniques 

• Placement/distribution of samples 

• Well construction, including location of screened interval and 
sealing to prevent cross-contamination 

4.3.3 Professional Judgment 
Professional judgment should be used to review data that appear inconsistent 
with existing regional data for possible errors.  While this may appear to be a 
qualitative approach, it is, in reality, based upon the application of recognized 
data characteristics.  Examples of the application of this approach will 
include: 

• Comparison of the common ion, total dissolved solids, and 
conductivity values (values should show parallel changes) 

• Comparison of data from samples to data from blanks 

• Comparison of pH and dissolved metals values 

• Comparison with previous data from same unit/area 

• Review relative to sample media and location 
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• Check of dissolved parameters for those that seem high relative to 
normal solubility characteristics (similar to metals and pH 
comparisons) 

• Scanning values for unusually high or low values and verifying 
those values against raw data 

4.3.4 Basic Statistical and Graphical Analysis 
Simple procedures will be implemented to analyze deviations from trends, 
anomalous data, or special problems, such as: 

• Plotting values versus time 

• Plotting values (as total dissolved solids and conductivity) versus 
each other 

• Calculation of standard deviation 

4.3.5 Data Handling Concepts 
The data will be checked for the implementation of “standard procedures” that 
are frequently omitted or misused, such as: 

• Handling outliers (Do they represent real values or errors?) 

• Interpretation of blanks (Do “hits” on specific parameters in field, 
trip, or lab blanks represent problems with the raw data or other 
influences on data interpretation?) 

• Level of detection (For samples having “less than detectable” 
values, has the detection level, ½ the detection level, or zero been 
used in statistical analyses or has the sample been dropped from 
the analysis?) 

4.3.6 The PARCC Parameters 
The data will be checked against the following PARCC parameters described 
in Section 1.4.1 to fulfill the requirements of the PARCC: 

 Precision •
• Accuracy 

ness • Representative
• Completeness 
• Comparability 

Flags will be used to highlight data that, as a result of the data quality review, 
appear to be useful for only limited purposes or should be qualified in some 
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way. Flags for specific conditions will be created, incorporated, and defined in 
the computerized database. 

4.4 Reconciliation with Data Quality Objectives 
Upon completion and/or approval of the independent data validation report by 
the CQAM, the CQAM will present a copy of this report to the CPM.  An 
example of the report format is given in Table 1-2.  In addition, the CPM 
designee assigned the task of reviewing the representativeness and 
comparability of the laboratory data, as well as the general quality of the field 
documentation associated with the same laboratory report, will present a copy 
of his/her completed validation report to the CPM.  The CPM or designee will 
review this report and prepare a brief summary report detailing the extent to 
which the data package meets the project specific DQOs.  The CPM will 
circulate this memo to all personnel active in the project and considered data 
users.  
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